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THE STUDY OF COGNITIVE STRUCTURE
OF CHEMICAL CONCEPTS 
IN SCOTTISH SECONDARY SCHOOLS
An Abstrac t
The t h e s i s  c o n s id e r s  th e  r o l e  o f  e x i s t i n g  c o g n i t i v e  s t r u c t u r e
on t h e  lear n in g  o f  su b j e c t - m a t te r  in areas o f  Chemistry s tu d ie d  by
14 year o ld  S c o t t i s h  School  p u p i l s .  I t  a l s o  examines th e  comparison
*
between c o g n i t i v e  s t r u c t u r e  and content  s t r u c t u r e  o f  an i d e a l  
model and r a i s e s  q u e s t io n s  about th e  s t r u c t u r a l  b a s i s  o f  t h e  S c o t t i s h  
Chemistry S y l la b u s .  A word a s s o c i a t i o n  t e s t  i s  used to  map c o g n i t i v e  
s t r u c t u r e  in p r e - i n s t r u c t i o n  and p o s t - i n s t r u c t i o n  groups for areas  
o f  chemis try cover ing  atomic t h e o ry .  A word a s s o c i a t i o n  t e s t  i s  
used t o  map c o g n i t i v e  s t r u c t u r e  in Chemical combination,  Covalent  
bonding,  Fue ls  and r e l a t e d  substances  and Carbohydrates .  An 
o b j e c t i v e  t e s t  i s  used as  an achievement t e s t  to  measure t h e  ex tent  
o f  c o r r e l a t i o n  between performance in word a s s o c i a t i o n  t e s t s  and 
in an achievement t e s t .  Two hundred and s i s t y  s i x  Third Year p u p i l s  
(age approximately  14 years )  in f i v e  S c o t t i s h  Secondary s c h o o l s  
were t e s t e d .
The l i t e r a t u r e  r e f e r r i n g  t o  work in mapping o f  c o g n i t i v e  
s t r u c t u r e  and a s s o c i a t i v e  meaning (which i s  o p e r a t i o n a l l y  de f in e d  
by a word a s s o c i a t i o n  t e s t )  i s  rev iewed.  The t h e o r i e s  c e n t r a l  t o  
t h e  study ( P i a g e t ' s  and Ausube l ' s )  are reviewed in t h e  l i g h t  o f  t h e i r  
development r e l a t i v e  t o  other  t h e o r i e s  o f  l e a r n i n g .  The research  
f in d in g s  would seem t o  i n d i c a t e  t h a t :
(1) C o g n i t iv e  s t r u c t u r e  was shown t o  be s i m i l a r  t o  c onten t  s t r u c t u r e  
o f  an i d e a l  model but with  c e r t a in  changes in emphasis .
(2)  C o g n i t iv e  s t r u c t u r e  as  r e f l e c t e d  by a s s o c i a t i o n s  in a word 
a s s o c i a t i o n  t e s t  was shown t o  c o r r e l a t e  p o s i t i v e l y  with  
performance in an achievement t e s t .
(3) E x i s t i n g  c o g n i t i v e  s t r u c t u r e  has a bearing  on p u p i l ' s  a b i l i t y  
for l ear n ing  and r e t e n t i o n .
(4) The extreme d e t a i l  o f  Atomic Theory taught  t o  S c o t t i s h  School  
p u p i l s  in t h e i r  f i r s t  weeks o f  formal i n s t r u c t i o n  may not  be 
n e c e ss a r y  or d e s i r a b l e  a t  th a t  s t a g e .
(b) The c o g n i t i v e  s t r u c t u r e  o f  "Poor" p u p i l s  ( s e e  3 .5 )  showed 
s i g n i f i c a n t  d i f f e r e n c e s  in d e t a i l  from "Good" p u p i l s .
The major recommendations from the  report  were:
(a)  The teacher  should e v a lu a te  the  e x i s t i n g  c o g n i t i v e  s t r u c t u r e  
o f  the  pup il  p r ior  t o  i n s t r u c t i o n .
(b) I n s t r u c t io n  should be geared t o  the  e x i s t i n g  c o g n i t i v e  
s t r u c t u r e  o f  th e  p u p i l .
(c)  Teachers should know how t o  map c o g n i t i v e  s t r u c t u r e .
*
Str uc tur e  in t h i s  t h e s i s  r e f e r s  t o  th e  order ing o f  t h e  conten t  
o f  i n s t r u c t i o n  t o  c o in c i d e  with what i s  l i k e l y  t o  take  p la c e  
in th e  c o g n i t i v e  s t r u c t u r e  o f  the p u p i l .
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I N T R O D U C T I O N
1. The research undertaken in t h i s  e x e r c i s e  was des igned  to  
answer th e  q u e s t io n :  To what e x te n t  does c o g n i t i v e  s t r u c t u r e  
resemble content  s t r u c t u r e  o f  areas of  The S c o t t i s h  C e r t i f i c a t e  
o f  Education Examination Board Sy l la bus?  The method o f  mapping 
c o g n i t i v e  s t r u c t u r e  which was used i s  a word a s s o c i a t i o n  t echn iqu e .
From th e  word a s s o c i a t i o n  t e s t s  a model o f  group c o g n i t i v e  s t r u c t u r e  
i s  o b ta in ed .  Th is  model i s  then compared wi th  a t h e o r e t i c a l  model 
where app r op r ia te .  The statement o f  t h e  problem, the  p r o p o s i t i o n s  
on which the  research  i s  based,  th e  assumptions in herent  in  the  
p r o p o s i t i o n s  and the  aims o f  th e  research  are  o u t l i n e d  in  Chapter 1.
2 .  The work covered was t h a t  area o f  t h e  SCEEB Chemistry Sy l la bus  
d e sc r ib e d  by S e c t i o n s  7 ,  8 , 9 ,  10 (See  Appendices  2 . 6  and 4 . 4 ) : -  
Atomic Theory,  Carbon Chemistry,  Covalent  Bonding and the  Mole.
The P r e t e s t  was i s s u e d  t o  62 Third Year (age approximately 14 years)  
p u p i l s  and t h e  subsequent Word A s s o c ia t i o n  T e s t s  ( l  and 2 ) and 
O b je c t iv e  Tes t  were i s s u e d  t o  some 266 Third Year p u p i l s .
3 .  The r e s u l t s  o f  the  Word A s s o c ia t i o n  T e s t s  were analysed  us ing  
Garskof-Houston r e l a t e d n e s s  c o e f f i c i e n t s .  These c o e f f i c i e n t s  
g i v e  a measure o f  th e  r e la t e d n e s s  between th e  s t i m u l i  by comparing 
th e  over lap  o f  response  h i e r a r c h i e s  for any two s t i m u l i  t o  t h e  
maximum p o s s i b l e  o v e r la p .  The r e l a t e d n e s s  c o e f f i c i e n t s  were  
ta b u la te d  in h a l f  m a tr i ce s  and the  s t r u c t u r e  inherent  in  the
group h a l f  m atr ice s  i s  graphed us ing  Waern’ s techn iqu e .  Garskof-Houston  
r e l a t e d n e s s  c o e f f i c i e n t s  and Waern's t ec h n iq u es  are  d i s c u s s e d  in  
g r e a t e r  d e t a i l  (Appendix 2 . 3  and Appendix 2 . 4  t o g e th e r  with 2 . 5 -  
R e su l t s )  . The i m p l i c a t i o n s  o f  the s t r u c t u r e s  produced have been 
d i s c u s s e d  both from the  po int  o f  view o f  the  l earner  and from th a t
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of  the  t e a c h e r .  In t h i s  study an attempt was made to  record the  
ac c ep ta b le  responses  in the  word a s s o c i a t i o n  t e s t s .  This  was done 
by awarding a mark for  each ac c ep ta b le  response  ( s e e  2 . 5 ) .  The 
i m p l i c a t i o n s  o f  a s t a b l e  c o g n i t i v e  s t r u c t u r e  on subsequent l ea r n in g  
as in d i c a t e d  by performance in word a s s o c i a t i o n  t e s t s  and an 
o b j e c t i v e  t e s t ,  are  d i s c u s s e d  f o l l o w i n g  s t a t i s t i c a l  a n a l y s i s  
(mainly non parametric)  o f  the r e s u l t s .
4 .  I s  t h e r e  a l o g i c a l  s t r u c t u r e  to  t h e  Chemistry Sy l labus?
Does pupi ls* c o g n i t i v e  s t r u c t u r e  r e f l e c t  the  content  s t r u c t u r e  
o f  the  s y l l a b u s  as  pr in te d  in t e x t  used by chemistry p u p i l s  in 
Scot land? Should we su b je c t  p u p i l s  t o  such a d e t a i l e d  
i n tr o d u ct io n  t o  Atomic s t r u c t u r e  in t h e  f i r s t  weeks o f  Third Year? 
These and many other  s im i la r  q u e s t io n s  d i s c u s s e d  f r e q u e n t ly  with  
c o l l e a g u e s  prompted t h i s  research e x e r c i s e .
5 .  Other r e l e v a n t  i n v e s t i g a t i o n s  in t h e  area o f  word meaning and 
in the  area o f  mapping c o g n i t i v e  s t r u c t u r e  are d i s c u ss e d  in  
Chapter 1 ( 1 , 5 . 1 ;  1 . 5 . 3 ;  1 . 6 ) .  A new approach in  t h i s  e x e r c i s e  
i s  t h a t  o f  awarding a mark for each a c c e p ta b le  response as  
o u t l i n e d  in  3 above.
6 .  The l i m i t a t i o n s  o f  t h i s  e x e r c i s e  are  t h o s e  o f  any e x e r c i s e  
in v o l v i n g  s u b s t a n t i a l  f i e l d  work with 266 p u p i l s  in  f i v e  s c h o o l s  
spread over a l a r g e  area o f  S t r a th c ly d e  Region.  Personal  c o n t a c t  
w ith  a l l  o f  the  p u p i l s  was not  p o s s i b l e  and in my view t h i s  i s  
d e s i r a b l e  p a r t i c u l a r l y  when in trodu c ing  a new assessment  
ins trument such as  word a s s o c i a t i o n  t o  p u p i l s  and t e a c h e r s .  This  
problem was o f f s e t  by c l o s e  con tac t  wi th  t h e  P r in c ip a l  Teachers  
and Teachers o f  the  s c h o o l s  in v o lv e d .
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CHAPTER 1
COGNITIVE STRUCTURE -  S e t t i n g  the  Scene
" I f  we had t o  reduce a l l  o f  educa t iona l  psychology to  
j u s t  one p r i n c i p l e ,  we would say t h i s :  The most 
important s i n g l e  f a c t o r  i n f l u e n c i n g  learn ing  i s  what 
the  l earner  a lready  knows. A scer ta in  t h i s  and t eac h  
him accord ing ly" .^
1.1 S tructure  in S c ien ce  and Mathematics Curricula
The development o f  the new S c ien ce  and Mathematics c u r r ic u la
of  the  S i x t i e s  r e p r e s e n t s  a movement away from the  s i t u a t i o n
where the  sequence o f  l ea r n in g  m a t e r i a l s  was l e f t  t o  the  t e a c h e r ,
t o  one where the  sequence i s  based on the  l o g i c a l  s t r u c t u r e
2-5o f  su b je c t  m atter .  I t  has been sugges ted  th a t  with an 
emphasis on the  la r g e r  conceptual  s t r u c t u r e  o f  s c ie n c e  the
stu dent  i s  in a b e t t e r  p o s i t i o n  t o  r e c o g n iz e  and understand
6 3changes in s c i e n t i f i c  knowledge.  Bruner p o in t s  out t h a t  
c u r r i c u l a  should be cons truc ted  in such a way th a t  the  pervading  
and powerful  id e as  and a t t i t u d e s  are  g iven  a c e n tr a l  r o l e .
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Ausubel and Robinson i d e n t i f y  th e  powerful  ideas  as  t h o s e
c o n s t i t u t i n g  th e  s t r u c t u r e  o f  th e  d i s c i p l i n e .  The b e s t  type  o f
s t r u c t u r e  for a body o f  knowledge must always be r e la t e d  to  the
8 9s t a t u s  and g i f t s  o f  th e  l e a r n e r .  Shave lson i d e n t i f i e s  th e  
fo l l o w i n g  reasons  for  the  emphasis on l ea r n in g  o f  s t r u c t u r e  o f  
a su b je c t  matter:
(a) knowledge o f - s t r u c t u r e  i s  required  for a f u l l  understanding  
o f  the  s u b j e c t  matter
(b) s t r u c t u r a l  knowledge enhances r e t e n t i o n  o f  the s u b j e c t  matter
(c)  s t r u c t u r a l  knowledge f a c i l i t a t e s  problem s o lv in g
(d) s t r u c t u r a l  knowledge lead s  d i r e c t l y  t o  t r a n s f e r  to  s im i la r
and perhaps new s i t u a t i o n s
(e)  s t r u c t u r a l  knowledge r e s u l t s  in  i n t e l l e c t u a l  exc itement  and
( f )  s t r u c t u r a l  knowledge l e a d s  t o  an a p t i t u d e  for l e a r n i n g .
1 .2  T h e o r ie s  o f  l e a r n i n g  which attempt  t o  d e s c r i b e  man as a 
c o g n i t i v e  system
The r e se a r c h  r epor ted  in  t h i s  t h e s i s  has t o  do with mapping 
c o g n i t i v e  s t r u c t u r e  o f  Third Year (age approximate ly  14 y e a r s )  
p u p i l s  in area o f  t h e  S c o t t i s h  C e r t i f i c a t e  o f  Education Examination  
Board Chemistry S y l l a b u s . ^  I t  i s  a p p r o p r i a te ,  b e fo re  any formal  
d e f i n i t i o n s  o f  terms such a s  " c o g n i t i v e  s tr uc ture"  are made, t o  
look a t  p u p i l s  as  a c o g n i t i v e  system and t o  review current  
t h e o r i e s  o f  c o g n i t i o n .  F l a v e l l * 1 p o i n t s  out  t h e  d i f f i c u l t y  in  
d e f i n i n g  and l i m i t i n g  t h e  concept  o f  c o g n i t i o n .  He t a k e s  a broad 
view o f  c o g n i t i o n  (what you know and th in k )  which he s e e s  as  
i n c lu d in g  such t y p e s  o f  p s y c h o l o g i c a l  e n t i t i e s  as  knowledge,  
c o n s c i o u s n e s s ,  i n t e l l i g e n c e ,  t h i n k i n g ,  im ag in ing ,  c r e a t i n g ,  
g e n e r a t i n g  p la n s  and s t r a t e g i e s ,  r e a s o n in g ,  i n f e r r i n g ,  problem 
s o l v i n g ,  c o n c e p t u a l i z i n g ,  c l a s s i f y i n g  and r e l a t i n g ,  s y m b o l i z i n g ,  
f a n t a s i z i n g  and dreaming.  He i n c l u d e s  in  th e  c o g n i t i v e  domain 
motor movements, p e r c e p t i o n ,  imagery,  memory, a t t e n t i o n  and 
l e a r n i n g .  In f a c t  he p o s e s  t h e  q u e s t i o n :  "what p s y c h o l o g i c a l  
p r o c e s s e s  can not  be d e s c r i b e d  as  ' c o g n i t i v e 1 in some n o n - t r i v i a l  
s e n s e  or do not  i m p l i c a t e  * c o g n i t i o n f t o  a s i g n i f i c a n t  degree?"
What emerges then i s  a p i c t u r e  o f  man as a very  complex but  
organized  "system" o f  i n t e r a c t i n g  components.  P s y c h o l o g i s t s  
have taken d i f f e r e n t  v iew s  o f  human c o g n i t i v e  p r o c e s s e s  depending
on t h e  p a r t i c u l a r  "schoo l"  o f  p sycho logy  t o  which they  b e lo n g e d .
50Thorndike p u b l i s h e d  a t h e o ry  o f  l e a r n i n g  in 1898 based on
animal exper im ents  and u s i n g  a t r i a l  and error  model.  He expanded
51 52 53and deve loped t h i s  approach over t h e  y e a r s .  5 ’
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The behavioural  u n i t  was an a s s o c i a t i o n  between sense  impress ions
and impulses  t o  a c t i o n .  The l e a r n e r ,  when confronted by a problem,
w i l l  produce a number o f  responses  u n t i l  he e v e n tu a l l y  s o l v e s  th e
problem. When th e  problem s i t u a t i o n  i s  repeated se v er a l  t im es  the
c o r r e c t  response  becomes f i x e d .  Thorndike was not  concerned with
problems o f  p e rcep t ion  or i n t e r p r e t a t i o n  o f  the  s i t u a t i o n  -  the  two
important t h in g s  in the  theory  are t h a t  an in te r n a l  connection  took
p lac e  between s e n s a t io n  and response and t h a t  reward and punishment
have an automatic e f f e c t  in i n c r e a s i n g  or d imin ish in g  c o n n e c t io n s .
Thorndike’ s work, when app l ied  t o  human l e a r n i n g ,  s t r e s s e s  the
s p e c i f i c  responses  o f  pe r son s .  I t  d e a l t  with a s p e c ts  o f  m ot iva t ion
and in genera l  the  emphasis on r e p e t i t i o n  seemed t o  be more in l i n e
with  d r i l l  and h a b i t  formation than with learn ing  r e q u ir in g  i n s i g h t
12and understanding .  P a v lo v ' s  research  centred on the  cond i t ioned
r e f l e x .  In h i s  famous experiments  with dogs he found t h a t  they  were
capable o f  a t t a c h i n g  e x i s t i n g  resp onses  to  new s t i m u l i .  He found
t h a t  secondary c o n d i t i o n i n g  was a l s o  p o s s i b l e  and th e  i m p l i c a t io n s
for l e a r n i n g  theory  would seem t o  be t h a t  s u b s t i t u t i n g  one s e t  o f
s t i m u l i  for  another could bu i ld  behavioura l  r e a c t io n s  which were
54very much removed from th e  o r i g i n a l  s t im u lu s .  Watson who founded
th e  b e h a v i o u r i s t  school  o f  psychology used Pav lov 's  work t o  produce
th e  u n i t  o f  s t im ulu s  and response  as t h e  b a s i s  o f  behaviour .  Watson
tended t o  exp la in  l e a r n in g  wi thout  recou rse  to  P a v lo v ' s  concept  o f
reward and to  Watson a l l  behaviour i s  learned by the  p a i r in g  o f
55s t i m u l i  and r e s p o n s e s .  Guthrie  adopted an approach which centred  
on movements o f  the  organism. Behaviour can be reduced t o  a s e r i e s  
o f  movements. Learning t o  produce p a r t i c u l a r  movements in connection  
with  a s e t  o f  p a r t i c u l a r  s t i m u l i  i s  c a l l e d  " o n e - t r i a l  l ea r n in g " .  
Exactly  the  same movements w i l l  t ake  p l a c e  i f  the  same s e t  o f  s t i m u l i
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under the same c o n d i t i o n s  are repeated and in t h i s  theory  th e r e  i s
no p la c e  for reward or re in forcem ent .  I f  reward or re inforcement
i s  seen t o  be e f f e c t i v e  i t  i s  only because the  c o n d i t io n s  have been 
56changed.  Hull showed t h a t  f a m i l i a r i t y  with  a concept in a great
many d i f f e r e n t  c o n t e x t s  i s  more important than i n t e n s i v e  e x p er ience
in a few s i t u a t i o n s .  He s e e s  l ea r n in g  as the  a s s o c i a t i o n  o f
s t i m u l i  and responses  under c o n d i t i o n s  o f  need.  Need in th e
organism provides  th e  d r iv e  towards a c t i v i t y .  The resp onses  which
s a t i s f y  the  need reduce th e  d r iv e  and t h i s  reduction o f  d r i v e
57p rov ides  the  re in for ce m e n t .  Skinner was more concerned with
resp onses  than s t i m u l i  as  he po inted  t o  c e r t a in  resp onses  with no
known s t i m u l i .  His  study o f  responses  has been t h e  b a s i s  o f  the
development o f  programmed l e a r n i n g .  Information t o  be learned  i s
p laced  in small  frames and to  each o f  t h e s e  frames t h e  l earner
must make a resp onse .  I f  c or re c t  t h e r e  i s  immediate re in forcement
in t h a t  t h e  l earner  i s  t o l d  t h a t  he i s  c o r r e c t .  A d i f f e r e n t  view
of  l ea r n in g  was developed by th e  G e s t a l t  school  o f  psycho logy
58 13f o l l o w i n g  the  work o f  Koffka and Kohler.  The G e s t a l t  school
was i n t e r e s t e d  in the  unknown region  in between th e  s t im ulu s  and
the  r e sp o n s es .  They argued t h a t  th e  s i g n i f i c a n c e  o f  a s i t u a t i o n  or
pat tern  o f  s t i m u l i  i s  in t h e  t o t a l  p a t tern  and not  in  i t s  separate  
14e le m en ts .  This  c o n f l i c t s  with the  view o f  b e h a v i o u r i s t s  which 
G e s t a l t i s t s  c r i t i c i z e d  as being a theory  which looked a t  th e  separate  
elements  w h i le  i gnor ing  the  t o t a l  s i t u a t i o n .  Learning was the
percep t ion  o f  a s i t u a t i o n ,  r e c o g n i t io n  o f  the  problems, s o l u t i o n
59by perceptua l  i n s i g h t s  fo l lowed by a c t i o n .  Lewin i n s e r t e d  i n t o  
t h e  G e s t a l t  view a p e r s o n a l i t y  theory o f  l e a r n i n g .  Lev/in was the  
f i r s t  t o  in troduce  c o g n i t i o n  ( i . e .  th in k in g  and th e  o r g a n iza t io n  
o f  knowledge) i n t o  the  G e s t a l t  view.  To lman^ d i s t i n g u i s h e d  between
l ea r n in g  and performance in th a t  we observe  performance and from i t
we can only i n f e r  l e a r n i n g .  He sees  l ea r n in g  as the gradual
a c q u i s i t i o n  o f  c o g n i t i v e  s o p h i s t i c a t i o n  and he p o s t u l a t e s  the
formation o f  " c o g n i t i v e  map" in  the  pr oc e ss  o f  l ear n ing  as
observed in experiments  with  r a t s  in a maze.
15Saugstad and Raaheim argue t h a t  th in k in g  must be understood
in terms o f  l ea r n in g  as w e l l  as p e rcep t ion  and a l s o  in terms of
p r i n c i p l e s  for  memory. In e a r l i e r  w o r k ^  Saugstad had shown t h a t
t h e  d i f f i c u l t y  o f  any problem r e s t s  in the  u n a v a i l a b i l i t y  o f  i t s
n e c e s s a r y  " f u n c t i o n s ” rather than in any d i f f i c u l t y  o f  combining
t h e s e  f u n c t i o n s .  The important p o in t  here  i s  t h a t  " f u n c t i o n s ”
can in v o lv e  pas t  e x per ience  which in th e  G e s t a l t  concept o f
i n s i g h t  was not  con s id ered  important.  H u l l ^  d i s c u ss e d  l e a r n in g
-17in terms o f  concept formation and Gagne suggested a model o f
concept  l e a r n in g  which l i n k s  i t  with language.  This  model i s
18l i k e  t h a t  sugges ted  by Bruner in h i s  paper on the  course o f  c o g n i t i v e
growth.  The model o f  man’ s c o g n i t i v e  system which forms th e  b a s i s  o f
t h i s  re search  e x e r c i s e  i s  a combination o f  the s t r u c t u r a l i s t  -
19organismic  approach o f  Jean P iage t  and th e  information -  pr o c e ss in g
20approach of  Simon and N ew el l .
1 .3  The P iaqe t ian  Approach
Piaget  i n f e r s  t h a t  the  c o g n i t i v e  system has a complex i n t e r n a l  
o r g a n iz a t io n  and h i s  d e f i n i t i o n  o f  i n t e l l i g e n c e  i n v o lv e s  b i o l o g i c a l  
ad a p ta t io n ,  e q u i l ibr iu m  between th e  in d i v id u a l  and h i s  environment,  
and a s e t  o f  mental  o p e r a t io n s  which permit t h i s  ba lance .  His  
theory  i s  deve loped from study ing th e  o rgan iza t ion  und er ly in g  
a c h i l d ' s  thought r a th er  than the  co n ten ts  o f  the  thought .
I n h e r i t e d  p h y s i c a l  s t r u c t u r e s  s e t  broad l i m i t s  on i n t e l l e c t u a l  
fu n c t i o n i n g .  Funct ioning in  general  can be d iv id ed  i n t o  two 
a s p e c t s :
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(a) Organization -  the  tendency to  organize  pr oc e sse s  which i s
common t o  a l l  s p e c i e s
(b) Adaptation -  occurs as a r e s u l t  o f  i n t e r a c t i o n  with th e
environment
Adaptation i s  further  d iv id ed  i n t o  A s s i m i la t i o n  and Accommodation.
A s s i m i l a t i o n ^  i s  d e f ined  as  i n t e r p r e t i n g  or constru ing  e x te r n a l
o b j e c t s  and events  in terms o f  one ’ s p r e s e n t l y  a v a i l a b l e  and
favoured way o f  t h in k in g  about t h i n g s .  Accommodation i s  n o t i c i n g
and t a k in g  c o g n i t i v e  account o f  the v a r io u s  r e a l  p r o p e r t i e s  and
r e l a t i o n s h i p s  among p r o p e r t i e s  th a t  e x te r n a l  o b j e c t s  and events
p o s s e s s .  A s s i m i la t i o n  and Accommodation are  complementary -  a
chemical  analogy might be th a t  o f  Reduction and Oxidation -  one
p r o c e ss  does not  take  p la c e  without  th e  other  process  a l s o  tak in g
Pi a c e .  Th is  in any c o g n i t i v e  encounter with the  environment
A s s i m i la t i o n  and Accommodation occur in a mutually dependent way.
F l a v e l l ^  argues t h a t  Assimilat ion-Accommodation i s  a very u s e f u l
model o f  c o g n i t i v e  development and h o ld s  t ru e  for  any mind
i n t e r a c t i n g  wi th  any environment a t  any g iven  moment in t im e .
1 .4  The In form at ion-Process ing  View
In t h i s  view man i s  regarded as  a complex machine with
’’programs" capable o f  p r oc e ss in g  information s im i la r  t o  a 
20-23computer.  This  theory  i s  o r ie n te d  s t r o n g l y  towards conten t
20which according t o  Simon and Newell has two main advantages:
(1) I t  removes a b a r r ie r  towards e x te n s io n  o f  th e  theory
(2)  I f  conten t  i s  a s u b s t a n t i a l  determinant o f  human 
behaviour then information p r o c e s s i n g  t h e o r i e s  have 
o p p o r t u n i t i e s  for  d e s c r ib in g  human behaviour v e r i d i c a l l y  
t h a t  are f o r e c lo s e d  t o  t h e o r i e s  unable  t o  cope wi th  c o n ten t .
10
Shavelson r e p r e s e n t s  the  f low of  s u b je c t -m a t te r  by the  f o l lo w in g  
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Ausubel and Robinson d e f i n e  c o g n i t i v e  s t r u c tu r e  as the  q u a n t i ty ,
c l a r i t y  and or gan iza t ion  o f  the l e a r n e r ' s  presen t  knowledge which
c o n s i s t s  o f  the  f a c t s ,  c oncepts ,  p r o p o s i t i o n s ,  t h e o r i e s  and raw
percep tua l  data that  the  learner  has a v a i l a b l e  t o  him at  any po int
9
in  t im e .  Shavelson s e e s  c o g n i t i v e  s t r u c t u r e  as a h y p o t h e t i c a l
c o n s tr u c t  r e f e r r i n g  t o  the orga n iza t io n  ( r e l a t i o n s h i p s )  o f  concepts
in memory. A concept i s  an a b s t r a c t  from o b j e c t s ,  s i t u a t i o n s ,  or
14e v e n ts  o f  the  a t t r i b u t e s  t h e s e  phenomena have in common.
The words we use  symbolize  or stand for  t h e s e  c o n c e p t s .  C ogn i t ive
s t r u c t u r e  can be represented  by a model o f  human in formation  
9p r o c e s s i n g .  ^
Fig.1,2
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S im p l i f i e d  Model o f  Human Information Process ing  
The information  p r o c e ss in g  model i s  d i v id e d  i n to  two p a r t s ,
p e r c ep t io n  and memory. Memory i s  c l o s e l y  r e l a t e d  t o  th e  d e f i n i t i o n
9 20of  c o g n i t i v e  s t r u c t u r e  above. Simon and Newell i d e n t i f y  the
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s m a l l e s t  u n i t s  o f  informat ion as  symbols which are stored in the  
long term memory (LTM).
"The human memory i s  u s u a l l y  descr ibed  as a s s o c i a t i v e ,  
and a s s o c i a t i v i t y  i s  achieved in the information  
p r oc e ss in g  system by s t o r i n g  information in LTM 
in symbol s t r u c t u r e s  each c o n s i s t i n g  o f  a s e t  o f  
symbols connected by r e l a t i o n s .  As new symbol 
s t r u c t u r e s  are s tored  in LTM they  are des ig nated  
by symbols drawn from the p o t e n t i a l  vocabulary.
These new names can in turn be embedded as 
symbols in other  s t r u c t u r e s ."
In t h e  learn ing  process  s t i m u l i  or p a t t e r n s  o f  s t i m u l i  ("chunks")  
become r e c o g n iz a b l e .  The symbols which are s tored  become an 
i n t e r n a l  r e p r e s e n t a t io n  o f  the "chunks". C ogn i t ive  s t r u c t u r e  
t h e r e f o r e  i s  t o  be found in  LTM w h i l e  short  term memory (STM) 
and working memory (WM) (which u n l i k e  LTM are not  permanent and 
can only  s to r e  m ater ia l  for short  l e n g th s  o f  t im e )  are channels  
which l in k  percep t ion  and LTM t o  a s s i s t  in the r e t r i e v a l  and 
d e c i s i o n  p r o c e s s .
1 . 5  The Ausubelian Approach
Ausubel^ has developed a l ea r n in g  theory  which he s e e s  as  
being a p p l i c a b le  t o  "recept ion  l e a r n in g " .  Reception l ea r n in g  
i s  t h a t  kind o f  l e a r n in g  where the  c onten t  o f  the  l ear n ing  i s  
presen ted  to  the  p u p i l .  This  i s  in c o n t r a s t  t o  "discovery"  
l e a r n in g  where the  conten t  i s  d i scove r e d  by the  p u p i l .  Ausubel  
d i s t i n g u i s h e s  between "rote  r e ce p t io n  learning" ( i . e .  l ea r n in g  
th a t  i s  not  a s s o c i a t e d  to  form a b a s i s  for  further  concepts  or 
i s  not  a s s o c i a t e d  wi th  p r e v io u s l y  learned concepts )  and 
"meaningful  r e ce p t io n  learning" ( i . e .  l ea r n in g  which i s  a s s o c i a t e d  
with concepts  in the  p u p i l ' s  c o g n i t i v e  s t r u c t u r e ) .  Ausubel s t a t e s  
t h a t  for  t eac h in g  t o  be e f f e c t i v e ,  t h e  i n s t r u c t i o n  has t o  be 
planned so t h a t  meaningful l ear n ing  can take  p l a c e .  The new 
knowledge which i s  a s s o c i a t e d  with an e x i s t i n g  concept i s  "subsumed" 
t o  s trengthen th e  concept in the  l e a r n e r s  c o g n i t i v e  s t r u c t u r e  and in
Ausubel ' s view meaningful  l earn ing  lias t a ke n  p l a c e .  Knowledge t h a t  i s  not
"subsumed" i s  e i t h e r  r e j e c t e d  by the  l ear n e r  or i s  r o te  l earned .  Subsumers
a l low  r e la t e d  new information t o  be accep ted  in to  the  p u p i l ’ s
c o g n i t i v e  s t r u c t u r e .  The d i s t i n c t i o n  between r o te  l ear n ing  and
meaningful  l earn ing  i s  not  c l e a r c u t  and i t  i s  d i f f i c u l t  t o  quanti fy ,
as  in the  rea l  s i t u a t i o n  th e r e  may be a concept a v a i l a b l e  and
depending on th e  s t a b i l i t y  and d i f f e r e n t i a t i o n  of  the concept the
lea r n in g  which takes  p la c e  can be to  d i f f e r e n t  degrees  o f
m ean ingfu lness .  Ausubel s u g g e s t s  t h a t  "advance organizers"  can
f a c i l i t a t e  learn ing  where e x i s t i n g  c o g n i t i v e  s t r u c tu r e  c o n t a in s  no
a v a i l a b l e  subsumers.  He s u g g e s t s  t h a t  o r gan izers  ( d e l i b e r a t e l y
prepared s e t s  o f  id e a s  presented t o  th e  l earner  in advance o f  the
m a te r ia l  t o  be learned)  should have a high l e v e l  o f  g e n e r a l i t y
and i n c l u s i v e n e s s  and he d i s t i n g u i s h e s  between e x p o s i to r y
or g a n ize r s  ( fo r  comple te ly  new m a te r ia l )  and comparative o r gan ize r s
( f o r  m ater ia l  not comple te ly  new).
1 .6  Concepts and Word Meaning
14Stones d e f i n e s  concept as  a g e n e r i c  term. A concept may be
(1) o p e r a t io n a l  (a way o f  doing something)
(2)  c l a  s s i f i c a t o r y  in t h e  sense  o f  a taxonomy or
(3)  r e l a t i o n a l  r e p r e s e n t in g  a r e l a t i o n s h i p  o f  two or more
I n d i v id u a l s  form g e n e r a l i z a t i o n s  as a r e s u l t  o f  i n t e r a c t i o n s  with
In t h i s  process  th e  s t im ulu s  not  on ly  produces a response  but a l s o  
becomes part  o f  a p e r s o n ’ s unders tanding of  th e  environment.
The way in which we p e r c e i v e  and i n t e r p r e t  our i n t e r a c t i o n s  with  
th e  environment g i v e s  meaning t o  t h e s e  c o n c e p ts .  Concepts are  
normally symbolized by words and when th e  t h in g  or phenomenon 
which the  word denotes  has been exper ienced  by the  i n d i v id u a l  then
b i t s  o f  information e . g .  pH = - l o g
t h e  environment and t h e s e  g e n e r a l i z a t i o n s  are c a l l e d  c o n c e p t s . 24
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25t h e  word can stand for  the  concept i t s e l f .  Vygotsky fur ther  
d i s t i n g u i s h e s  two types  o f  concept:  S c i e n t i f i c  and Spontaneous
(1)  S c i e n t i f i c  concepts  are c o n s c io u s l y  taught  whereas spontaneous
concepts  are picked  up a u t o m a t i c a l ly  in the  course  o f  l i v i n g .
(2) S c i e n t i f i c  concepts  depend on verbal  e x p o s i t i o n  whereas
spontaneous concepts  depend on our c on tac t  with r e a l i t y .
(3)  S c i e n t i f i c  concepts  prov ide s y s te m a t i c  general  s t r u c t u r e s ,  
whereas spontaneous concepts  provide  the  substance of  
exper ience  which can make the  former more than j u s t  empty 
symbol c a t e g o r i e s .
Vygotsky focuses  a t t e n t i o n  on language as the v e h i c l e  for  
i n t e r n a l i z a t i o n  o f  c o n c e p t s .
1 .7  Meaning
1 . 7 . 1  A word may have se v e r a l  meanings depending on the  d i f f e r e n t
27exper ience  t h a t  embody th e  concepts  for  which i t  s tands .
Evidence for  t h i s  was demonstrated in a pre l im inary  study in  which 
a word a s s o c i a t i o n  t e s t  was used on second year p u p i l s  in an Inner  
C ity  Comprehensive and a Comprehensive with a Rural/Urban i n t a k e .
The responses  to  th e  s t im ulu s  LAW produced a high in c id e n c e  o f  
responses  such as EVIL and BAD from p u p i l s  in  the  Inner C i ty  school  
which implied s u b j e c t i v e  meaning for  a word standing for a concept
th a t  was the  r e s u l t  o f  unpleasant  e x p e r ie n c e s  with the  environment.
28Osgood e t  a l . ,  c a l l  t h i s  type o f  meaning connota t ive  and po in t  
out t h a t  i t  i s  an a s p e c t  o f  o v e r a l l  word meaning and in c e r t a in  ca s es  
can predominate. Word meaning can be in f lu e n c e d  by c o n tex t  and 
words such as ELEMENT w i l l  have meanings depending on th e  c on tex t  
in which they are used .  Furthermore in Sc ience  Education many 
words w i l l  be l a b e l s  for concepts  which w i l l  be formed in a 
n o n - s c i e n t i f i c  environment and i t  i s  e s s e n t i a l  t h a t  th e  teac h e r  tak e s
15
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t h i s  i n t o  account when t h e s e  concepts  a i e  used in a S c ien ce  c o n t e x t .
1 . 7 . 2  Measurement o f  Meaning
99
In the  a n a l y s i s  o f  word meaning,  the  l i n g u i s t i c  approach1- does
not  take  i n to  account th e  s u b j e c t i v i t y  t h a t  i s  present  in word
meaning. The p s y c h o l o g ic a l  approach tends  t o  focus on the  p r o c e ss e s
30t h a t  g iv e  a word i t s  meaning.  Evanechko e t  a l * ,  p o s t u l a t e  an
h y p o t h e t i c a l  "semantic space" which r e p r e s e n t s  a l l  the var iou s
p o s s i b i l i t i e s  o f  meaning for each word for  a p a r t i c u l a r  i n d i v i d u a l .
These p o s s i b i l i t i e s  are as a r e s u l t  o f  past  l ear n ing  e xp e r ie n c e s
o f  t h e  i n d i v i d u a l .  "Semantic space" i s  mult id im ensional  and any
given s t imulus a c t i v a t e s  only c e r t a i n  dimens ions .  Thus in a
s t im ulu s  such as ELEMENT t h e r e  i s  a c o n t e s t  between the  everyday
meaning dimension and the  Sc ien ce  meaning dimension ( i f  i t  e x i s t s )
in t h e  semantic  space .  Word meaning has been measured u s in g  word
a s s o c i a t i o n  t e s t s .  The techn iq ue  was f i r s t  used as a c l i n i c a l
t o o l  by S i r  Francis  Galton (1880) but  i s  has s i n c e  been used as
31 32 33a q u a n t i t a t i v e  method for a n a l y s i s  o f  l i n g u i s t i c  behaviour .  * *
34Davis Howes p o i n t s  out  t h a t  the  average p r o b a b i l i t y  t h a t  a g iven  
word w i l l  be emit ted  as  a response in a word a s s o c i a t i o n  t e s t  i s  
t h e  same as i t s  p r o b a b i l i t y  in general  d i s c o u r s e .
1 . 7 . 3  A s s o c i a t i v e  Meaning
35Deese s e e s  a s s o c i a t i o n s  as be ing  c a s t  in the  language t h a t
embodies thought and thus  i t  r e f l e c t s  sequences in thought.
A s s o c ia t i o n s  are seen as  r e f l e c t i n g  o r g a n i sa t io n  o f  ideas  t h a t  are
brought t o g e t h e r  from a l l  the  e x p e r ie n c e s  t h a t  an in d iv id u a l  
36p o s s e s s e s .  P o l l i o  agrees  with Deese in t h i s  view of  word
37a s s o c i a t i o n s .  Deese d e f i n e s  the  a s s o c i a t i v e  meaning o f  a word 
as the  frequency d i s t r i b u t i o n  o f  re sponses  produced by a s t im ulu s  
word from a la r g e  group o f  i n d i v i d u a l s ,  on the  b a s i s  o f  one
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response  for each i n d i v i d u a l .  A s s o c i a t i v e  meaning w i l l  not  p r e d i c t  
th e  tendency of  one word t o  e l i c i t  another but i t  should p r e d i c t  
th e  words t h a t  w i l l  occur in the  verbal  environment of  a p a r t i c u l a r  
word. Deese argues t h a t  i f  a p a r t i c u l a r  word appears in some 
verbal  environment then a word r e l a t e d  t o  i t  in a s s o c i a t i v e  meaning 
should appear in th e  same environment.  The c l o s e r  the  r e l a t i o n ,  
the  h igher  the  p r o b a b i l i t y  o f  th e  two words appearing in th e  same 
environment.  The words may appear in  the same environment e i t h e r  
as s u b s t i t u t e s  for  one another or as part  o f  each o t h e r ' s  
environment.  The su g g e s t io n  o f f e r e d  by Deese as to  th e  o r i g i n  
o f  a s s o c i a t i o n s  i s  t h a t  they d e r iv e  in whole or part  from the  
s t r u c t u r e s  o f  the  human mind.
1 .8  Mapping C o g n i t iv e  S truc ture
I f  f o l l o w s  from t h e  d i s c u s s i o n  in  th e  preceding paragraph 
th a t  i f  we wish t o  e x t e r n a l i z e  the  i n t e r n a l  r e p r e s e n t a t io n  of  
the  s t r u c t u r e  o f  a s u b j e c t  matter  then word a s s o c i a t i o n s  should  
provide  a means o f  mapping c o g n i t i v e  s t r u c t u r e .  Other t echn iqu es  
are a v a i l a b l e  such as :
(a) problem s o lv i n g
(b) card s o r t i n g
(c)  t r e e  c o n s tr u c t io n  (graphing)
(d) digraph a n a l y s i s  and
(e)  s i m i l a r i t y  judgement t e s t s
35 38 39Deese,  Johnson, and Preece note  t h a t  prob lem -so lv ing  t e s t s
are to o  d r a s t i c  as  t o o l s  for  i n i t i a l  e x p lo ra t io n  o f  c o g n i t i v e
s t r u c t u r e .  The concept o f  semantic  prox imity  o f  two words which
a l low s  for  a geom e tr ic a l  r e p r e s e n t a t i o n  o f  c o g n i t i v e  s t r u c t u r e
i s  a t  the root  o f  t h e  other  methods mentioned above.  Card s o r t i n g
in v o lv in g  r a t in g  d i f f i c u l t i e s  o f  twenty concepts  in Phys ics  on a
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40nine  po in t  s c a l e  has been used by Kass. Mult idimensional
s c a l i n g  t echn iqu es  weie  used on the data and th e  r e s u l t s  suggested
t h a t  the  group average perceptual  space could be c h a r a c te r iz e d  in
terms o f  e i t h e r  four or f i v e  d imensions .  A s i m i l a r i t y  r a t i n g
38method has been used by Johnson and card s o r t i n g  has been used
41
by M i l l e r .  Tree c o n s tr u c t io n  t e s t s  in which s u b j e c t s  are asked
t o  draw graphs ( t r e e s )  in which the  v e r t i c e s  are words and edges
42are r e l a t i o n s  between words has been used by Rapoport. In
t h i s  research  e x e r c i s e  a t r e e  c o n s tr u c t io n  t e s t  was used as  w e l l
as a word a s s o c i a t i o n  t e s t  on words from Se c t ion  7 o f  t h e  SCEEB
Chemistry S y l l a b u s . ^  Because of  th e  com plexi ty  o f  the
i n s t r u c t i o n s  for  p u p i l s  i t  was not  used in th e  next  phase o f  the
43r e s e a r c h .  Digraph a n a l y s i s  o f  language has been used by Berge
44and Shavelson and G e e s l in .  The Word A s s o c ia t i o n  method i s  the
most w ide ly  used and the  degree o f  over la p  of  th e  response
h i e r a r c h i e s  i s  taken as a measure o f  th e  semantic p r o x i m i t i e s
35of  th e  s t imulu s  words. In comparative s t u d i e s  on the  var iou s  
methods for mapping c o g n i t i v e  s t r u c t u r e  good agreement has been
found between word a s s o c i a t i o n  and t r e e  c o n s tr u c t io n  t e s t s  by
9 45Shave lson .  Shavelson and Stanton compared digraph a n a l y s i s
and card s o r t i n g  and again found t h a t  both t echn iq ues  compared
39favourab ly .  Preece compared graph b u i l d in g  wi th  f ree  and
c o n t r o l l e d  word a s s o c i a t i o n  t e s t s  and found t h a t  th e  r e s u l t s  were
46m  good agreement on a l l  t h r e e  t e s t s .  Johnson 's  e a r l i e r  work
showed t h a t  word a s s o c i a t i o n  responses  could be l inked  t o  s u c c es s
47in problem s o l v i n g .  Shavelson found e s s e n t i a l l y  t h e  same
39r e s u l t  in a study in 1973. Preece i d e n t i f i e d  t h r e e  c l u s t e r s  
o f  concepts  in mechanics:
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(a)  a kinematic  c l u s t e r  c onta in ing  speed,  v e l o c i t y ,  a c c e l e r a t i o n ,  
d i s t a n c e  and t ime
(b) a s t a t i c s  c l u s t e r  conta in ing  w e ight ,  mass, d e n s i t y ,  volume 
and area
(c )  an energy c l u s t e r  c onta in ing  work, energy and power.
The c l u s t e r s  were l in ked  by the concept f o r c e .  In an i n v e s t i g a t i o n
48 49o f  Ausubel ’ s theory  o f  meaningful  l e a r n in g  Ring and Novak
found a p o s i t i v e  c o r r e l a t i o n  between group achievement and
a s s o c i a t i v e  s t r u c t u r e .
1.9  A Statement o f  the  Problem
The quotat ion  used at  the  beginning  of  t h i s  chapter i s  c e n tr a l
t o  t h i s  research  e x e r c i s e .  I t  would seem reasonable  t o  attempt t o
map th e  c o g n i t i v e  s t r u c t u r e  o f  chemis try p u p i l s  t o  a s c e r t a i n  what
th e  p u p i l s  a lready  know at  the  s t a r t  o f  th e  Third Year Chemistry
course .  This  i n i t i a l  t e s t  would then be fol lowed by t e s t s  a f t e r
c e r t a i n  per iod s  o f  t e a c h in g .  To a s c e r t a i n  whether l e a r n in g  had
in f a c t  taken p la c e  an o b j e c t i v e  t e s t  would be used .  An attempt
t o  i n v e s t i g a t e  the c o r r e l a t i o n  between achievement and a s s o c i a t i v i t y
would a l s o  seem l o g i c a l  from the  d i s c u s s i o n  which has been
developed in  t h i s  chapter .  The p r o p o s i t i o n s  upon which t h i s
research  i s  based arex
(1)  C ogn i t ive  s t r u c t u r e  should be s i m i l a r  t o  content  s t r u c t u r e  
o f  th e  s u b j e c t - m a t te r .
(2)  C ogn i t ive  s t r u c t u r e  as r e f l e c t e d  by a s s o c i a t i o n s  in a word 
a s s o c i a t i o n  t e s t  should c o r r e l a t e  p o s i t i v e l y  w i th  performance  
in an achievement t e s t .
The assumptions in herent  in  th e s e  p r o p o s i t i o n s  can be summarised 
as f o l lo w s :
(a)  The content  o f  s u b j e c t  matter  should be s tr u c tu r e d  
such t h a t  meaningful  l ea r n in g  tak e s  p l a c e .
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(b) The p o s s e s s io n  of  a s t a b le  c o g n i t iv e  s tr u c tu r e  in 
an area o f  su b je c t  m atter i s  fundamental t o  the  
lea rn in g  p rocess  and i s  the p r in c ip a l  fa c to r  
determ in ing meaningful lea r n in g  and r e te n t io n  in 
th a t  p a r t ic u la r  area .
(c)  Word a s s o c i a t io n s  prov ide  a map o f  c o g n i t iv e  s tr u c tu r e  
in a g iven  area o f  s u b je c t  m atter .
(d) The map so obtained i s  no t  n e c e s s a r i ly  a complete  
e x t e r n a l i z a t io n  o f  in te r n a l  s tr u c tu r e .
The aims o f  th e  research  programme are :
1 . To i n v e s t i g a t e  th e  above p r o p o s i t i o n s .
2 .  To i n v e s t i g a t e  th e  c o g n i t iv e  s tr u c tu r e  o f  p u p i l s  b e fore  and 
a f t e r  a course  o f  in s t r u c t io n .
3 .  To i n v e s t i g a t e  vocabulary used as resp on ses  in word a s s o c ia t io n  
t e s t s .
4 .  To compare a word a s s o c ia t io n  tech n iq u e  w ith  a graph b u i ld in g  
techn iqu e  for  a group o f  p u p ils  from th e  sample.
5 .  To compare performance in a word a s s o c i a t io n  t e s t  w ith  
performance in  an o b j e c t iv e  t e s t  s t a t i s t i c a l l y .
6 .  To use  the  r e s u l t s  o f  th e  research  to  provide p o in te r s  for  
lea rn in g  in th e  l i g h t  o f  current le a r n in g  t h e o r i e s .
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CHAPTER 2
MAPPING COGNITIVE STRUCTURE IN ATOMIC THEORY OF THE
PRE-INSTRUCTION GROUP
2 .1  In trod u ction
I t  was decided  to  i n v e s t i g a t e  th e  c o g n i t iv e  s tr u c tu r e  o f  a
sample o f  p u p i l s  p r io r  t o  any formal teach in g  o f  Atomic Theory.
The r a t io n a le  behind th e  in v e s t i g a t i o n  was th a t  p r e - in s t r u c t io n
p u p ils  would be expected to  p o s s e s s  no s ta b le  c o g n i t iv e  s tr u c tu r e
in Atomic Theory but a f t e r  in s t r u c t io n  s ta b le  c o g n i t iv e  s tr u c tu r e
should be e v id e n t .  The area o f  th e  Chemistry S y l l a b u s ^  in v e s t ig a t e d
was S ec t io n  7 .  ( s e e  Appendix 2 .6 )  The conten t s tr u c tu r e  was
i d e n t i f i e d  by seven st im u lu s  words -  MATTER, ELEMENTS, ATOMS,
PROTONS, NUCLEUS and ELECTRONS. These seven words were the  l a b e l s
63used in a diagram in Chemistry Takes Shape Book 3 , Page 1.
This diagram (F igu re  2 .2 )  was chosen as th e  t h e o r e t i c a l  conten t  
s tr u c tu r e  model for t h i s  area o f  the s y l la b u s .  These seven words 
were used as s t im u l i  in  a Word A s so c ia t io n  T est  which was issu e d  t o  
62 p u p ils  on t h e i r  f i r s t  day a t  Chemistry in th e  Third Year a t  a
S c o t t i s h  Secondary School (age  approxim ately 14 y e a r s ) .
2 .2  The Sample
The sample c o n s is t e d  o f  62 p u p ils  (32 boys and 30 g i r l s )  in  
the  Third Year o f  a non-denom inational comprehensive sc h o o l .
(R oll -  500 Mixed)
2 .3  The Method
Each p u p il  was i s su e d  w ith  a Continuous Free Word A s s o c ia t io n
Test c o n ta in in g  th e  seven words l i s t e d  above as s t im u l i .
A fre e  word a s s o c ia t io n  t e s t  p la c e s  no c o n s tr a in t  on the  type
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o f  response and in th e  t e s t  i s s u e d  no l im i t  was p laced  on the  
number o f  r e sp o n s e s .  For a d m in is t r a t iv e  purposes th e  s t im ulu s  
was p r in ted  on th e  response  sh e e t  ten  t im e s .
2*4 The T e s t
The t e s t  conta ined  th e  fo l lo w in g  in s tr u c t io n s  on Page 1 : -  
”When you hear or se e  a word, i t  o f te n  makes you th ink  o f  other  
words. We want to  f in d  out what o th er  words are brought to  mind 
by some words used in  S c ie n c e .  Chi each page you w i l l  f in d  th e  
same word w r i t t e n  many t im e s .  Say th e  word t o  y o u r s e l f ,  and 
then w r i te  down th e  f i r s t  word i t  makes you th ink  o f  next to  
Number 1. Then say th e  same word again and w r ite  down th e  next  
word you th in k  o f  n ex t  t o  Number 2 .  Continue in  t h i s  way always 
saying  to  y o u r s e l f  th e  same word (which i s  pr in ted  on th e  page) 
u n t i l  you are  t o ld  to  turn to  the  next page. There are no r ig h t  
answers and do not worry about s p e l l i n g  m istakes -  j u s t  w r i te  as 
q uick ly  as p o s s i b l e . ”
The second page o f  th e  t e s t  conta ined  an example o f  responses  
t o  the  s t im u lu s  EAGLE. The t e s t  pages c o n s is t e d  o f  th e  stim ulu s  
words p r in ted  on the  top  o f  th e  page and then p r in ted  down the  
s id e  o f  th e  page ten  t im es  ( s e e  Appendix 2 .1 )
2 .5  R e su lts
Frequency t a b l e s  o f  a l l  the  resp on ses  t o  the  seven s t im u l i  
are included in  Appendix 2 .2 )
To get  a measure o f  how each p up il  r e l a t e s  a g iven  st im u lu s  to  
another , h a l f  m a tr ice s  o f  Garskof and H ou ston ^  r e la t e d n e s s  
c o e f f i c i e n t s  were co n stru c ted  for  each p u p i l .  The mean h a l f -  m atrix  
for th e  group was c a lc u la t e d .  The r e la t e d n e s s  c o e f f i c i e n t s  
measure th e  degree  o f  over lap  o f  resp onse  h ie r a r c h ie s  by comparing 
the  actua l o ver lap  to  th e  maximum p o s s ib l e  o v e r la p (s e e  Appendix 2 . 3 ) .
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The s tr u c tu r e  inh eren t  in th e  group s im i la r i t y  m atrix was 
represented  in  th e  form o f  a graph u s in g  a method proposed by 
Waern^ ( s e e  Appendix 2 . 4 ) .
Table 2 .1  i s  an example o f  an in d iv id u a l  p u p i l ' s  h a l f  m atrix  
o f  r e la t e d n e s s  c o e f f i c i e n t s .
TABLE 2 .1
In d iv id u a l  p u p il  h a l f -m a tr ix  o f  r e la te d n e s s  c o e f f i c i e n t s
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .000 0 .0 0 0 0 .000
PROTONS 0 .0 0 0 0 .0 5 6 0 .000 0 .1 4 8 0 .2 1 5
ELEMENTS 0 .0 0 0 0 .359 0 .0 0 0 0 .086
ELECTRONS 0 .0 0 0 0 .2 3 9 0 .274
MATTER 0 .0 0 0 0 .0 0 0
NEUTRONS 0 .359
School Number: 2
Mean = 0 .0 8 3
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Table 2 .2  i s  th e  mean h a lf -m a tr ix  for th e  p r e - t e s t  group obtained  
by ta k in g  th e  a r ith m e t ic  mean o f  th e  c e l l  e n t r ie s  in  th e  
in d iv id u a l  h a l f - m a t r i c e s .
TABLE 2 .2
Mean h a l f -m a tr ix  for p r e - t e s t  group (N = 62)
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0 .0 5 2 0 .019 0 .0 3 3 0 .0 1 4 0 .0 4 6 0 .0 7 2
PROTONS 0 .1 2 7 0 .0 8 8 0 .0 1 6 0 .0 9 6 0.081
ELEMENTS 0 .0 6 0 0 .0 2 7 0 .0 2 8 0 .050
ELECTRONS 0 .0 1 2 0 .0 7 0 0 .090
MATTER 0 .0 0 8 0.061
NEUTRONS 0.063
School Numbers 2 
Mean = 0 .0 5 3
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Figure 2 .1  c o n ta in s  the  r e p r ese n ta t io n  o f  the  s tr u c tu r e  inheren t
in the  h a l f -m a tr ix  (Table 2 .2 )  a f t e r  a n a ly s i s  by a method due 
62to  Waern • In Waern's method a c u t - o f f  p o in t  i s  chosen and any 
l in k s  between con cep ts  in v o lv in g  over lap  c o e f f i c i e n t s  g r e a te r  
than, or equal t o ,  th e  c u t - o f f  v a lu e  are n o ted . The c u t - o f f  
p o in t  i s  then lowered , and new co n n ec t io n s  are n o ted . I f  new 
con n ection s  are rev ea led  which can be l in k ed  by paths a lready  
in the  graph, t h e s e  new con n ec tion s  are not n o ted . Thus i f  the  
f i r s t  c u t - o f f  p o in t  in d ic a te d  con n ec tion s  between "a”-*—*Mb" 
the graph i s  drawn as a*-»b**c. I f  on lowering th e  c u t - o f f  p o in t  
furth er  a connection  i s  noted between a<e+c^this i s  not noted in  
the  graph as th e  connection  a lready  e x i s t s  in  th e  graph. This  
prevents  th e  c o l l a p s e  o f  chains in t o  c l u s t e r s .  The c u t - o f f  p o in t  
i s  lowered s u c c e s s i v e l y  u n t i l  no more meaningful in form ation  i s  
o b ta in ed . The c r i t e r i a  for  choosing  c u t - o f f  p o in ts  are l i s t e d  
in Appendix 2 . 4 .
FIGURE 2 .1
Graphical r e p r e s e n ta t io n  o f  s tr u c tu r e  in heren t  in th e  group 
mean h a l f -m a tr ix
F ir s t  c u t - o f f  p o in t  0 .0 9 5  (-------------)
Second c u t - o f f  p o in t  0 .0 8 0  ( ------------ )
Third c u t - o f f  p o in t  0 .0 6 0  ( ................ )
ELEMENTS
-  -    ELECTRONS
l 
I 
I
ATOMS
NUCLEUS MATTER
PROTONS
I
NEUTRONS
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For comparison purposes th e  t h e o r e t i c a l  '’i d e a l ’' s tr u c tu r e  from 
63t e x t  i s  drawn in  Figure 2 . 2 .
FIGURE 2 .2
T h e o r e t ic a l  " id e a l” s tr u c tu r e
MATTER
l
ELEMENTS
ATOMS
PROTONS
NUCLEUS ELECTRONS
NEUTRONS
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To g e t  a measure o f  th e  number o f  chem istry  responses  the  
f o l lo w in g  procedure was adopted. Each pupil was awarded a 
mark (maximum 70) for  each "acceptable"  response to  the  
seven s t i m u l i .  An a c c ep ta b le  response  was a response which 
r e la t e d  t o  th e  s t im u lu s  in a chem istry  se n s e .  The "acceptable"  
resp on ses  were chosen from resp on ses  by 266 p u p ils  t o  a word 
a s s o c ia t io n  t e s t  used l a t e r  in t h i s  research  e x e r c i s e .  In 
th e  l a t e r  t e s t  th e  maximum mark was 35 and t h e r e fo r e  for  
comparison purposes th e  t o t a l  mark in  Appendix 2 .6  i s  taken  
out o f  35 i . e .  each in d i v id u a l ' s  t o t a l  mark i s  d iv id ed  by 
two. A l i s t  o f  a c c e p ta b le  resp on ses  i s  contained  in  
Appendix 2 . 5 .  A frequency t a b le  o f  a c c ep ta b le  resp onses  i s  
l i s t e d  in Appendix 2 .7  to g e th e r  w ith  each p u p i l ’ s mark 
out o f  35 .
Table 2 .3  co n ta in s  th e  number o f  a c c e p ta b le  resp onses  which 
were e l i c i t e d  by th e  seven s t i m u l i .
TABLE 2 .3
STIMULUS
NUCLEUS PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
io .  o f  
accep­
ta b le  
responses
28 41 135 100 171 54 103
TABLE 2 .4  c o n ta in s  th e  average mark (out o f  35) for th e  t e s t  
to g e th e r  w ith  th e  standard d e v ia t io n .
TABLE 2 .4
Number o f  P u p ils Average Mark Standard D ev ia t io n
62 5.121 3 .3 5 7
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2 .6  D iscu ss ion
The r e s u l t s  are c o n s i s t e n t  w ith  an u n stab le  c o g n i t iv e  
s tr u c tu r e  in th e  group. T h is  i s  shown by the  low sc o re s  in the  
Garskof-Houston R ela ted n ess  C o e f f i c i e n t  Group h a lf -m a tr ix  
(mean = 0 .0533 )  coupled w ith  th e  average score  o f  5 .121  
(maximum = 35refer  to  t a b le  2.5). I t  i s  important a t  t h i s  
s ta g e  in th e  rep ort  t o  make c le a r  th e  fo l lo w in g  p o in t s :
(1) The Garskof-Houston r e la t e d n e s s  c o e f f i c i e n t s  measure 
th e  degree o f  over lap  o f  response  h ie r a r c h ie s  in a word
a s s o c ia t io n  t e s t .  I t  i s  not p o s s ib l e  to  make a s s e r t io n s
w ith  regard to  achievement based on th e  a b so lu te  v a lu e  o f  a 
c o e f f i c i e n t  or th e  mean va lue  o f  c o e f f i c i e n t s  from a h a l f ­
m atr ix .  They are very u s e fu l  c o e f f i c i e n t s  for  g e t t in g  
a t  th e  s tr u c tu r e  which u n d e r l ie s  r e sp o n ses  in a word 
a s s o c ia t io n  t e s t .  While very h igh  va lu es  ( in  the  reg ion  o f  
0 .5  -  0 .6 )  would seem t o  imply a very s t a b le  s tr u c tu r e  t h i s
may not always be th e  case  and low v a lu e s  may not always imply
an u n sta b le  s t r u c t u r e .  Two s t im u l i  may produce response  
h ie r a r c h ie s  th a t  do not over lap  t o  any grea t  e x te n t  which would 
produce a low v a lu e  for  th e  r e la t e d n e s s  c o e f f i c i e n t .  On 
examination o f  th e  resp on ses  however a l l  could be found to  
be a c c ep ta b le  and thus  i t  would have been wrong t o  i n f e r  th a t  
because th e  r e la te d n e s s  c o e f f i c i e n t  s co re  was low t h a t  an 
u n s ta b le  s tr u c tu r e  e x i s t s .
(2) To guard a g a in s t  th e  problems j u s t  h ig h l ig h te d  I in troduced  
th e  idea o f  a score  for  th e  number o f  a ccep ta b le  r e sp o n s e s .
In in d iv id u a l  c a se s  an examination o f  th e  score  fo r  a c c e p ta b le  
resp on ses  to g e th e r  w ith  th e  sc o re s  on th e  r e la te d n e s s  c o e f f i c i e n t s  
h a lf -m a tr ix  w i l l  g iv e  a f irm er b a s i s  for  i n t e r p r e t a t io n .
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(3) C o g n it iv e  s t r u c tu r e  can vary tremendously between in d iv id u a ls  
and consequently  th e  b e s t  a n a ly s i s  p o s s ib le  in a study o f  t h i s  
s o r t  i s  based on group c o g n i t iv e  s t r u c t u r e .  The group c o g n i t iv e  
s tr u c tu r e  i s  e x tr a c te d  as in d ic a te d  above ( 2 . 5 ) .
2 .6 .1  The c o g n i t iv e  s tr u c tu r e  graphed in Figure 2 .1  r e p r e se n ts  
a very confused p ic tu r e  o f  th e  s tr u c tu r e  o f  MATTER. The most 
c l o s e l y  r e la t e d  s t im u l i  were ELEMENTS, PROTONS and NEUTRONS 
w ith  ELECTRONS and ATOMS r e la te d  t o  th e  o r ig in a l  c l u s t e r  
through ELECTRONS. The in te r  connectedness^ o f  t h e s e  s t im u l i  i s  
m ainly through resp on ses  such as e l e c t r i c i t y ,  n e g a t iv e ,  n e u t r a l ,  
bombs e t c .  r e f l e c t i n g  concepts  le a r n t  in th e  F ir s t  and Second 
Years a t  S c o t t i s h  Secondary Schools  (age  approximately
12 and 13 y ea rs)  or in an everyday c o n te x t .  As can be seen  
from Figure 2 .1  th e r e  i s  no l o g i c a l  s tr u c tu r e  t o  th e  Graph and 
MATTER and NUCLEUS are th e  l e a s t  c l o s e l y  r e la t e d  t o  th e  
oth er  s t i m u l i .  There i s  no comparison between Figure 2 .1  and 
Figure 2 .2  and t h i s  i s  to  be expected  from a p r e - in s t r u c t io n  
group.
2 . 6 . 2  The vocabulary  used in th e  resp on ses  came t o  a t o t a l  o f
28492 words, ( s e e  Appendix 2 .2 )  C onnotative  meaning 
predominated and th e  sc ience-m eaning  c o n tr ib u t io n  was sm a l l .
The in f lu e n c e  o f  In teg ra ted  S c ien ce  on th e  u n d er ly in g  c o g n i t iv e  
s tr u c tu r e  can c l e a r l y  be seen e . g .  MATTER g e ts  a h igh number 
o f  resp on ses  a s :  l i q u i d ,  s o l i d ,  g a s ,  p a r t i c l e ,  m o le c u le .  T his  
i s  an example o f  a p o s i t i v e  c o n tr ib u t io n  from p r e v io u s ly  learned  
c o n c e p ts .  An example o f  a n e g a t iv e  c o n tr ib u t io n  ( in  th e  c o n tex t  
o f  Chemistry) can be seen with  ELEMENTS which e l i c i t e d  high  
numbers o f  r e sp on ses  such as -  e l e c t r i c i t y ,  l i g h t ,  f i r e ,  k e t t l e ,  
p lu g , e t c .  ELECTRONS e l i c i t e d  a h igh " e l e c t r i c i t y "  ty p e
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response  (power, amps, v o l t s ,  e t c . )  By and large  the  high
in c id e n c e  o f  id io s y n c r a t ic  resp on ses  in d ic a te d  a lack  o f  any r e a l
s tr u c tu r e  r e la t in g  th e  seven s t im u l i  t o  each o th e r .  Applying  
37D eese’ s d e f in i t i o n  o f  a s s o c i a t iv e  meaning to  the  seven s t im u li  
in th e  p r e t e s t  the  a s s o c i a t iv e  con cep ts  named by the  seven words 
would be as fo l lo w s :
NUCLEUS -  ( c e l l ,  n u c le a r ,  bomb, e g g s ,  Dr. Who, B io lo g y ,  atom ic,
S c ie n c e ,  c e n tr e ,  m idd le , power, brain ........................... )
PROTONS -  ( e l e c t r i c i t y ,  p r o t e in ,  food , e l e c t r o n s ,  n eu tron s ,
atoms  ............. )
ELEMENTS -  (S c ie n c e ,  p a r t i c l e ,  g o ld ,  s i l v e r ,  hydrogen, oxygen,
e l e c t r i c i t y  .................... )
ELECTRONS -  ( e l e c t r i c i t y ,  P h y s ic s ,  S c ie n c e ,  m o lecu le ,  p a r t i c l e ,
power, amp, v o l t s ,  w ir e ,  b a t t e r i e s ,  p ro to n s ,  neutrons ,  
atoms ..................)
MATTER -  ( g a s e s ,  l iq u id s ,  s o l i d s ,  p a r t i c l e ,  shape, atoms . . . . . . . . )
NEUTRONS -  (n e u tr a l ,  bomb, e l e c t r i c i t y ,  Newts, Newton ................... . . )
ATOMS -  (bomb, m o lecu le ,  p a r t i c l e ,  l iq u id ,  s o l i d ,  n eu tron s ,
m a tter ,  e l e c t r o n s ,  p r o to n s ,  n uc leus  .................... )
The complete a s s o c i a t iv e  meaning o f  each o f  th e  s t im u l i  can 
be seen by studying  the  t a b le  in  Appendix 2 . 2 .  The s ig n i f i c a n c e  
o f  th e  low average mark in Table 2 .b  w i l l  be d is c u ss e d  in  Chapter 3 
when comparison w i l l  be made with the  r e s u l t s  o f  e x a c t ly  th e  same 
t e s t  on th e  p o s t - i n s t r u c t io n  group.
2 . 6 . 3  The im p l ic a t io n s  for  te a c h in g  and learn in g  c e n tr e  on the  
knowledge th a t  th e  c o g n i t iv e  s tr u c tu r e  as mapped and th e  a s s o c i a t iv e  
meanings o f  th e  s t im u l i  as shown in Appendix 2 .2  i n d ic a t e  a lack  
o f  an ordered s t a b le  c o g n i t iv e  s t r u c t u r e .  The con cep ts  a lready  
in th e  c o g n i t iv e  s tr u c tu r e  th a t  w i l l  make a p o s i t i v e  c o n tr ib u t io n
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t o  lea r n in g  w i l l  have to  be enhanced and th o se  th a t  make a 
n e g a t iv e  c o n tr ib u t io n  reduced or e l im in a te d .  These im p l ic a t io n s  
w i l l  be d is c u ss e d  in th e  broader c o n te x t  o f  the  e n t ir e  r e s u l t s  
in Chapter 6 .
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CHAPTER 3
MAPPING COGNITIVE STRUCTURE IN THE POSTT-INSTHJCTION GROUP
3 .1  Introduction
The word a s s o c ia t io n  t e s t  which was used with th e  p r e - t e s t  
Control group was i s s u e d  to  th e  62 p u p ils  in the  Control group 
and a furth er  204 p u p i l s .  The o b j e c t i v e s  o f  th e  t e s t  were
(a) t o  map c o g n i t iv e  s tr u c tu r e  o f  th e  e n t ir e  group
(b) to  an a ly se  a s s o c i a t i v e  meaning in  th e  p o s t - i n s t r u c t io n  group
(c )  t o  compare performance in  th e  p r e - t e s t  w ith  p o s t - t e s t  for  
th e  group o f  62 p u p ils
(d) t o  i n v e s t i g a t e  i f  a p o s i t i v e  c o r r e la t io n  e x is t e d  between 
performance in p r e - t e s t  and p o s t - t e s t ;  t h i s  has im p l ic a t io n s  
in terms o f  A u su bel's  model for  a s s im i la t in g  new inform ation  
in to  e x i s t i n g  c o g n i t iv e  s tr u c tu r e *
(e )  to  compare c o g n i t iv e  s tr u c tu r e  for  th e  Control group from 
p r e - t e s t  w ith th a t  from p o s t - i n s t r u c t io n
( f )  t o  compare th e  p o s t - i n s t r u c t io n  c o g n i t iv e  s tr u c tu r e  w ith  
th a t  o f  the  t h e o r e t i c a l  model.
A t r e e  c o n s tr u c t io n  t e s t  was i s s u e d  t o  Schools  N o's 2 and 3 and 
d e t a i l s  o f  t h i s  can be found in  Appendix 3 . 1 .  I t  g iv e s  an 
i n t e r e s t i n g  comparison o f  two methods for  mapping c o g n i t iv e  
s t r u c t u r e .  I t  i s  n o t ,  however, in c lu d ed  in  th e  main body o f  
the  Chapter as i t  was not a method which was subsequently  used  
in l a t e r  t e s t s .
3 .2  The Sample
The sample c o n s is t e d  o f  266 p u p ils  from f i v e  S c o t t i s h  
Secondary Schools  d i s t r ib u t e d  as  in d ic a te d  in Table 3 . 1 .
The 64 p u p ils  from School No. 2 were t e s t e d  in  th e  p r e - t e s t  and 
thus ac t  as a Control group. The d i s t r i b u t io n  r e f l e c t s  th e
32
N ational trend in Non-denom inationa1, Roman C a th o l ic  and 
Independent S c h o o ls .  The s i z e  o f  the  sample (266) i s  la rg e  
compared with the  s i z e  o f  samples in the l i t e r a t u r e  c i t e d  in  
t h i s  t h e s i s .  The sm aller  s i z e  o f  sample used by other  workers 
may be due to  d i f f i c u l t y  o f  p r o c e ss in g  the  data which in t h i s  
e x e r c i s e  u s in g  a p r e - t e s t  and two word a s s o c ia t io n  t e s t s  w i l l  
produce a maximum o f  32 ,230  resp on ses  (not a l l  o f  which are  
d i f f e r e n t  r e sp o n s e s ) .  I t  was f e l t ,  however th a t  the  r e s u l t s  
would carry grea ter  weight i f  a reason able  s t a t i s t i c a l  sample 
was chosen and th e r e fo r e  f i v e  sc h o o ls  were s e l e c t e d .  The number 
of p u p ils  from School No. 5 was however d is a p p o in t in g ly  low.
TABLE 3 .1
TYPE OE SCHOOL
1 Six  Year Comp. R.C.
2 3 -6  Year Comp. N.D.
3 S ix  Year Comp. N.D.
4 S ix  Year Comp. N.D.
5 Independent N.D.
1100 Mixed 74
500 H 64
1000 " 44
1150 M 65
450 " 19
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3 .3  The Method
Each pup il  in th e  sample r e c e iv e d  a C on tro lled  Continuous  
Word A sso c ia t io n  T est  in which the  resp onses  had t o  be words 
used in a Chemistry c o n te x t .  They were in v i t e d  to  make a 
maximum o f  f i v e  re sp on ses  to  each st im u lu s  word. The s t im u l i  
were th e  same seven s t im u l i  used in th e  P r e - t e s t .
3 .4  The T est
Word A s s o c ia t io n  T e s t  1 (WAT 1)
I n s tr u c t io n s
On each page you w i l l  f in d  a word which you are l i k e l y  
t o  u se  in your S c ien ce /C hem istry  c l a s s .
Put down next to  Number 1 th e  word which you have used in  
Chemistry and which i s  most c l o s e l y  connected with  the  g iven  
word.
Then put next t o  Number 2 th e  second most c l o s e l y  connected  
word and continu e  in t h i s  way u n t i l  you have f i l l e d  a l l  f i v e  
spaces*
There are no a b s o lu te ly  r ig h t  answers -  we j u s t  want to  
know what you t h in k .
EXAMPLE
EAGLE
EAGLE 1 . L iv in 9
EAGLE 2 .
EAGLE 3 .
EAGLE 4 .
EAGLE 5 .
Animal
V erteb rate
Feathers
Bird
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Page 1
NUCLEUS
NUCLEUS 1.
NUCLEUS 2 .
NUCLEUS 3 .
NUCLEUS 4 .
NUCLEUS S .
Page 2
PROTONS
PROTONS 1 .
PROTONS 2 .
PROTONS 3 .
PROTONS 4 .
PROTONS 5 .
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Page 3
ELEMENTS
ELEMENTS 1 .
ELEMENTS 2 .
ELEMENTS 3 .
ELEMENTS 4 .
ELEMENTS 5 .
Page 4
ELECTRONS
ELECTRONS 1.
ELECTRONS 2 .
ELECTRONS 3 .
ELECTRONS 4 .
ELECTRONS 5 .
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Page 5
MATTER
MATTER
MATTER
MATTER
MATTER
Page 6
NEUTRONS
NEUTRONS
NEUTRONS
NEUTRONS
NEUTRONS
MATTER
1.
2 .
3*
4 .
5 .
NEUTRONS
1.
2 .
3 .
4 .  _
5 .
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Page 7
ATOMS
ATOMS 1.
ATOMS 2 .
ATOMS 3 .
ATOMS 4 .
ATOMS 5 .
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3 .5  R esu lts
H a lf -m a tr ic es  o f  r e la te d n e s s  c o e f f i c i e n t s ^  were con stru c ted
for  each p u p il  u sing  a computer program (R esp on ses) .  This
program and subsequent programs which were used during t h i s
research  e x e r c i s e  are included  in a pocket in s id e  th e  cover o f
the  t h e s i s .  The mean h a l f - m a tr ic e s  for  each school and for
the  whole sample were c a lc u la t e d  (Tables 3 .2  -  3 . 8 ) .  The
s tr u c tu r e  inh eren t  in the  s im i l a r i t y  m atr ices  was represented  
62g r a p h ic a l ly  (F igu res  3 .1  -  3 . 6 ) .  The r e la t io n s h ip  between the
p r e - t e s t  and p o s t - t e s t  h a l f - m a tr ic e s  and between a l l  p o s t - t e s t
h a l f - m a tr ic e s  were in v e s t ig a t e d  fu rth er  by c a lc u la t in g  Euclidean
d is ta n c e s  between th e  p a ir s  o f  m a tr ic e s .  (Table 3 .1 5 .  See Appendix 
713 .2 )  Preece p o in ts  out th a t  the  Euclidean d is ta n c e  between 
m atr ices  may be an in a p p ro p r ia te  t o o l  for  c a lc u l a t in g  d i s ta n c e s  
between the  h a l f - m a tr ic e s  because th e  a b so lu te  v a lu e s  o f  the  
c e l l  e n t r i e s  as w e ll  as th e  d i f f e r e n t  p attern  o f  c e l l  e n t r i e s
i s  taken in t o  account. Consequently rank order c o e f f i c i e n t s  a f t e r
69techn ique  o f  Johnson were c a lc u la t e d .  (Table 3 .1 6 )  Marks were 
awarded for  a c c ep ta b le  re sp on ses  as in  th e  p r e - t e s t .  (Table 3 .1 1 )
The marks for  the  co n tro l  group in p r e - t e s t  and p o s t - t e s t  were
c o r r e la te d ,  (Table 3 .1 3 )  and the  r e g re ss io n  equation  c a lc u la t e d
65using  M initab (Table 3 . 1 4 ) .  I t  was f e l t  n e c e ssa r y  t o  sep ara te  
th e  p u p i l s  in  th e  sample in to  "good” and "poor" t o  i n v e s t i g a t e  
the  d i f f e r e n c e s  th e re  might be in c o g n i t iv e  s tr u c tu r e  o f  the  two 
groups. S in ce  the mean mark for  the e n t ir e  sample was 2 2 .9  I chose  
a va lue  o f ^  17 as th e  c u t - o f f  p o in t  between "good" and “poor** 
p u p i l s .  The mean h a l f - m a tr ic e s  for  "good’1 and "poor” p u p ils  are  
l i s t e d  in T ab les  3 .9  and 3 .1 0 .  The graphs o f  the  s tr u c tu r e s  inheren t  
in th e  h a l f - m a tr ic e s  are drawn in Figure 3 .7  and Figure 3 . 8 .
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For a b r i e f  o u t l in e  o f  the  s t a t i s t i c a l  procedures used see  
Appendix 3 . 3 .  The complete l i s t  o f  words which were used a 
resp onses  to g e th e r  with t h e i r  freq u en c ie s  i s  contained in 
Appendix 3 .4
TABLE 3 .2
SCHOOL NO. 1
MEAN HALF-MATRIX -  74 PUPILS
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0 .4 9 5 0 0 .1 4 0 2 0 .3 7 5 5 0 .1348 0 .4356 0 .4222
PROTONS 0.1673 0 .5 6 2 5 0 .1126 0 .5626 0 .4153
ELEMENTS 0 .1 6 3 2 0 .1596 0 .1521 0 .2212
ELECTRONS 0.1195 0 .4974 0 .3937
MATTER 0 .1240 0 .2483
NEUTRONS 0.4288
TABLE 3 .3
SCHOOL NO. 2
POST-TEST -  64 PUPILS - MEAN HALF­-MATRIX
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0 .469 0 .093 0 .2 5 6 0 .063 0 .451 0 .395
PROTONS 0 .1 4 0 0 .4 8 8 0 .0 6 6 0 .5 1 2 0 .4 8 0
ELEMENTS 0 .1 1 7 0 .125 0 .1 1 5 0 .2 3 2
ELECTRONS 0 .0 5 0 0 .4 3 4 0 .4 0 5
MATTER 0 .0 4 7 0 .1 6 0
NEUTRONS 0 .421
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TABLE 3 .4
SCHOOL NO. 2
PRE-TEST -  64 PUPILS -  MEAN HALF-MATRIX
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0 .0 5 2 0 .019 0 .0 3 3 0 .014 0 .0 4 6 0 .072
PROTONS 0 .1 2 7 G.088 0 .0 1 6 0 .0 9 6 0.081
ELEMENTS 0 .0 6 0 0 .027 0 .0 2 8 0 .0 5 0
ELECTRONS 0 .0 1 2 0 .0 7 0 0 .090
MATTER 0 .0 0 8 0.061
NEUTRONS 0.063
TABLE 3 .5
SCHOOL NO. 3
44 PUPILS -  MEAN HALF-MATRIX
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0 .4 8 2 0 .159 0 .2 8 0 0 .065 0 .4 3 6 0 .389
PROTONS 0 .1 7 3 0 .454 0 .046 0 .4 5 2 0 .422
ELEMENTS 0 .1 5 7 0 .161 0 .1 7 2 0 .493
ELECTRONS 0 .0 6 4 0 .3 4 0 0 .397
MATTER 0 .0 5 7 0 .180
NEUTRONS 0.361
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TABLE 3 .6
SCHOOL NO. 4
65 PUPILS -  MEAN HALF-MATRIX
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0 .4 9 6 0 .1 4 4 0 .2 7 5 0 .134 0 .4 7 8 0 .409
PROTONS 0 .163 0 .4 5 4 0 .117 0 .4 9 2 0 .4 2 6
ELEMENTS 0 .1 4 2 0 .2 4 9 0 .1 3 4 0 .3 2 4
ELECTRONS 0.109 0 .3 6 4 0 .350
MATTER 0 .1 0 3 0 .214
NEUTRONS 0.369
TABLE 3 .7
SCHOOL NO. 5
19 PUPILS -  MEAN HALF-MATRIX
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0 .411 0 .0 4 9 0 .1 3 7 0 .0 4 4 0 .4 1 6 0 .4 1 0
PROTONS 0 .0 4 2 0 .2 4 5 0 .0 4 8 0 .2 9 6 0 .3 5 0
ELEMENTS 0 .0 2 0 0 .0 9 2 0 .0 3 0 0 .143
ELECTRONS 0 .0 2 6 0 .1 3 8 0 .253
MATTER 0 .0 4 7 0 .1 4 0
NEUTRONS 0 .288
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TABLE 3 ,8
ALL PUPILS
266 PUPILS -  MEAN HALF -MATRIX
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0.481 0 .1 2 6 0 .2 9 0 0 .1 0 0 0 .4 4 8 0 .4 0 6
PROTONS 0 .1 5 2 0 .4 7 8 0 .0 8 7 0 .4 9 6 0 .430
ELEMENTS 0 .1 3 6 0 .1 6 8 0 .1 3 3 0 .2 8 8
ELECTRONS 0 .084 0 .3 9 8 0 .3 7 6
MATTER 0 .0 8 4 0 .1 9 9
NEUTRONS 0.391
TABLE 3 .9
MEAN HALF-MATRIX 
"GOOD" FUPILS
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0 .5 2 9 0 .1 4 7 0 .3 2 2 0 .113 0 .5 1 2 0 .4 5 9
PROTONS 0 .1 7 9 0 .5 2 5 0 .097 0 .5 6 2 0 .4 7 6
ELEMENTS 0 .1 5 8 0 .1 8 5 0 .1 5 4 0 .310
ELECTRONS 0 .0 9 8 0 .4 4 2 0 .420
MATTER 0 .0 9 7 0 .223
NEUTRONS 0 .441
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TABLE 3 .1 0
MEAN HALF-MATRIX 
"POOR" RJPILS
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0 .2 7 7 0 .0 3 2 0 .1 5 2 0 .039 0 .1 6 8 0.173
PROTONS 0 .029 0 .283 0 .0 3 4 0 .2 0 0 0 .2 3 2
ELEMENTS 0 .0 3 6 0 .1 0 0 0 .0 4 2 0 .2 0 4
ELECTRONS 0 .0 2 2 0 .2 1 4 0 .1 8 8
MATTER 0.0 2 2 0 .0 9 9
NEUTRONS 0 .1 7 2
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TABLE 3 .11
MEAN SCORES PER SCHOOL ON ACCEPTABLE RESPONSES
KEY: 1 = NUCLEUS 2 = PROTONS 3 = ELEMENTS 4 = ELECTRONS
5 = MATTER 6 = NEUTRONS 7 = ATOMS
School No. o f  Pup ils T ota l  A l« a r \  
S c o r e  .
STIMULUS WORDS
1 2 3 4 5 6 7
1 74 2 2 .5 3 .1 3 .8 2 .9 2 .7 3 .5 3 .3 3 .3
2 64 2 2 .5 2 .6 3 .8 3 .0 2 .8 3 .3 3 .5 3 .5
3 44 2 1 .8 2 .9 4 .0 2 .8 2 .7 2 .6 3 .2 3 .5
4 65 2 5 .0 3 .2 4 .2 3 .5 3 .0 3 .6 3 .9 3 .7
5 19 2 1 .5 3 .0 4 .2 2 .9 2 .8 2 .3 3 .2 3 .2
ALL 266 2 2 .9 3 .0 4 .0 3 .0 2 .8 3 .2 3 .5 3 .5
TABLE 3 .1 2
MEAN SCORES FOR SCHOOL NO. 2 (CONTROL GROUP) ON PRE-TEST AND POST-TEST
KEY: 1 = NUCLEUS 2 = PROTONS 3 = ELEMENTS 4 = ELECTRONS
5 = MATTER 6 = NEUTRONS 7 = ATOMS
STIMULUS WORDS
T est T ota l 1 2 3 4 5 6 7
P i e - t e s t
P o s t - t e s t
5 .1
2 2 .5
0 .2 2
2 .6
0 .3 3
3 .8
1 .0 8  0 .81  
3 .0  2 .8
1 .38
3 .3
0 .4 3
3 .5
0 .8 3
3 .5
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TABLE 3 .1 3
SPEARMAN RANK ORDER COEFFICIENT FOR CORRELATION OF PRE-TEST AND 
POST-TEST CONTROL SCORES
N = 58
C o r r e la t io n
c o e f f i c i e n t
t  = p j N - i S ig n i f i c a n c e
l e v e l
0 .4 7 8 4 .636 p <  0 .0005
Ho : The c o r r e la t io n  c o e f f i c i e n t  = 0
H, ; The c o r r e la t io n  c o e f f i c i e n t  i s  p o s i t i v e
Ho i s  r e je c te d  a t  th e  0 .0005  l e v e l  o f  s i g n i f i c a n c e .
TABLE 3 .1 4
PREDICTION OF POST-TEST SCOPES (y) FROM PRE-TEST SCORES (X)
( i )  The r e g r e s s io n  equation i s :
y = 21 .1  + 0 .4 4 2  X
( i i )  _______________________
C o e f f i c i e n t S t .  Dev? o f  c o e f .
T-R atio  = 
c o e f .  
S.D.
S i g n i f . 
Level
21 .069 2 .074 10 .16 p < 0 .0 0 0 5
X 0.771 0 .3 3 0 2 .3 3 p < 0 .0 1
( i i i )  The standard d e v ia t io n  o f  Y about the  r e g r e s s io n  l i n e
i s  s = 8 .4 6 4  w ith  56 d egrees  o f  freedom.
( iv )  C o e f f i c i e n t  o f  Determ ination = 8.9%'
C o e f f i c i e n t  o f  Determ ination ad ju sted  for  
degrees  o f  freedom = 7.2%
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3 .6  A n a lys is  o f  R e su lts
3 .6 .1  Graphic r e p r e s e n ta t io n s  o f  th e  s tr u c tu r e  in heren t  in the  
h a l f - m a tr ic e s  are t o  be found in th e  fo l lo w in g  diagrams.
FIGURE 3 .1
SCHOOL NO. 1
F i r s t  c u t - o f f  p o in t  0 .5 5  (d e p ic te d  by l in e s )
Second c u t - o f f  p o in t  0 .4 0  (d e p ic te d  by dashed l i n e s )
Third c u t - o f f  p o in t  0 .2 0  (d e p ic te d  by d o tted  l i n e s )
ELECTRONS
PROTONS-
NEUTRONS
-NUCLEUS
ATOMS
ELEMENTS MATTER
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FIGURE 3 .2
SCHOOL NO. 2
F i r s t  c u t - o f f  p o in t  0 .4 8  (------------)
Second c u t - o f f  p o in t  0 .4 0  ( ----------- )
Third c u t - o f f  p o in t  0 .1 5  ( ...............)
ELECTRONS 
NUCLEUS- P ROTONS ATOMS'.' 
NEUTRONS
MATTER
ELEMENTS
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FIGURE 3 .3
F i r s t  c u t - o f f  p o in t  
Second c u t - o f f  p o in t  
Third c u t - o f f  p o in t
ELEMENTS 
ATOMS • 
MATTER
SCHOOL NO. 3
0 .4 8  (------------ )
0 .4 0  ( ................ )
0 .1 8  ( ................)
NUCLEUS
PRO ONS
NEUTRONS
ELECTRONS
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FIGURE 3 .4
SCHOOL NO. 4
F ir s t  c u t - o f f  p o in t  0 .4 9  (------------)
Second c u t - o f f  p o in t  0 .3 5  ( ----------- )
Third c u t - o f f  p o in t  0 .2 4  ( ...............)
NUCLEUS 
.ELECTRONS  
PROTONS': '"'Si
' "ATOMS 
NEUTRONS 
ELEMENTS 
MATTER
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FIGURE 3 .5
F ir s t  c u t - o f f  p o in t  
Second c u t - o f f  p o in t  
Third c u t - o f f  p o in t
NEUTRONS
NUCLEUS-
PROTONS
SCHOOL NO. 5
0 .4 1  (------------ )
0 .20  (...........)
0.10  ( ............... )
MATTER
ATOMS----
ELEMENTS
-ELECTRONS
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FIGURE 3 .6
WHOLE SAMPLE 
COGNITIVE STRUCTURE OF SECTION 7 10
F i r s t  c u t - o f f  p o in t  0 .4 8  (------------ )
Second c u t - o f f  p o in t  0 .4 0  ( ------------ )
Third c u t - o f f  p o in t  0 .1 8  ( . . . . . . . )
NUCLEUS
ELECTRONS PROTONS ATOMS
NEU RONS
ELEMENTS
MATTER
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FIGURE 3 ,7
“GOOD” PUPIL*S COGNITIVE STRUCTURE
F i r s t  c u t - o f f  p o in t  0 .5 2 9  (------------)
Second c u t - o f f  p o in t  0 .4 7 5  ( ------------)
Third c u t - o f f  p o in t  0 .2 2 2  ( .......... . . )
NUCLEUS
ELECTRONS PRO
NEU
O N S - - — ATOMS'
RONS
\
ELEMENTS
MATTER
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FIGURE 3 .8
"POOR" PUPIL'S COGNITIVE STRUCTURE
F i r s t  c u t - o f f  p o in t  0 .2 7 6  (-----------)
Second c u t - o f f  p o in t  0 .2 1 3  ( ---------- )
Third c u t - o f f  p o in t  0 .2 0 3 .( ............. )
Fourth c u t - o f f  p o in t  0 .1 0 0  (xxxxxxx)
NUCLEUS
PRO ONS ATOMS
ELECTRONS
NEUTRONS
ELEMENTS 
MATTER
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3 . 6 . 2  Comparison o f  the  h a lf" m a tr ic e s  with one a n o th er .
(a) Euclidean d i s ta n c e s  were c a lc u la t e d  for each p a ir  ( s e e  
Appendix 3 .2 )  and are l i s t e d  in the  h a l f -m a tr ix  on Table 3 .1 5 .  
The purpose o f  c a lc u la t in g  Euclidean d i s ta n c e s  i s  t o  show
how c l o s e l y  the  mean h a l f - m a tr ic e s  from each school were 
r e la t e d .  As po inted  out in 3 .5  however more weight w i l l  
be p laced  on th e  Spearman Rank order c o e f f i c i e n t s  for  the  
c e l l  e n t r i e s  in th e  h a l f - m a tr ic e s  when in te r p r e t in g  th e  
r e s u l t s .
(b) Spearman Rank Order c o e f f i c i e n t s  were c a lc u la te d  for th e  
c e l l  e n t r i e s  in  th e  mean h a l f - m a tr ic e s  and are ta b u la te d  
in th e  form o f  a h a l f -m a tr ix  in  Table 3 .1 6 .
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TABLE 3 .1 5
EUCLIDEAN DISTANCE HALF-MATRIX
for a l l p a ir s  o f  s c h o o ls and pre-• t e s t  qroup
SCHOOL OR GROUP
2 3 4 5
Whole  ^
Sample
P r e - t e s t   ^
Group
1 0 .0 1 3 0 .0 1 9  0 .013 0 .0 3 4 0 .0 1 0 0 .0 6 2
2 0 .0 1 5  0 .011 0 .0 2 6 0 .0 0 6 0 .0 5 7
3 0 .0 1 2 0 .0 2 5 0 .0 0 6 0 .057
4 0 .0 2 7 0 .0 0 6 0 .0 5 7
5 0 .0 2 6 0 .0 3 8
6 0 .054
TABLE 3 ,1 6
CORRELATION COEFFICIENTS* OF GROUP HALF-N^ATRICES
* A ll  are Spearman rank order c o e f f i c i e n t s  and they  are s i g n i f i c a n t  
a t  |» < 0 .001  on a two t a i l e d  t e s t .
SCHOOL OR GROUP
2 3 4 5 Whole  ^Sample
P r e - t e s t
Group
1 0 .970 0 .8 9 0 0 .934 0 .7 9 3 0 .974 0 .7 4 6
2 0 .8 9 9 0 .9 5 8 0 .8 3 5 0 .9 8 2 0 .7 4 2
3 0 .9 0 4 0 .8 1 9 0 .9 0 2 0 .6 5 7
4 0 .891 0 .9 8 0 0 .682
5 0 .881 0 .4 8 6
6 0 .718
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3 .7  D isc u ss io n
3 .7 .1  The Control Group
The r e s u l t s  show th a t  a f t e r  in s tr u c t io n  the  c o g n i t iv e  
s tr u c tu r e  o f  p u p i l s  a l t e r s  and becomes more s ta b le  and conforms 
more c l o s e l y  w ith  th e  id e a l  s t r u c t u r e .  (F igure 2 .2)T he c o n tr a s t  
between th e  c o g n i t iv e  s tr u c tu r e  o f  the  c o n tro l  group in fcford 
A s s o c ia t io n  t e s t  1 (WAT 1) and in th e  p r e - t e s t  i s  grea t  as
can be seen from F igures 3 .2  and 2 . 1 .  A confused s tr u c tu r e
has changed in to  an ordered s tr u c tu r e  c o n s is t in g  of  th r e e  c l u s t e r s :
(1) ELECTRONS ------- PROTONS   NEUTRONS
(2) NUCLEUS------PROTONS----------- ATOMS
(3) ELEMENTS . . . .  ATOMS . . . .  MATTER
The s h i f t  in c o g n i t iv e  s tr u c tu r e  i s  confirmed by th e  v a lu e s  in  
th e  Euclidean d is ta n c e  h a l f - m a tr ix .  A more r e a l i s t i c  p ic tu r e  i s  
given  in  Table 3 .1 6  where th e  lower c o e f f i c i e n t s  are for  
c o r r e la t io n s  w ith  th e  P r e - t e s t .  The high c o r r e la t io n s  for  each 
group with th e  whole sample and w ith  each other would seem to  
in d ic a t e  th a t  mapping c o g n i t iv e  s tr u c tu r e  for  each o f  th e  sc h o o ls  
se rv e s  no u s e fu l  purpose. A c l o s e  look  a t  F igures 3 .1  to  3 .8  
confirm s t h i s  v iew  -  th e r e  i s  no g r e a t  change in s tr u c tu r e  and the  
high  c o r r e la t io n s  (Table 3 .1 6 )  between each school and th e  h a l f ­
m atrix for  the  whole sample i s  fu r th er  e v id en ce .  School N o.5 has 
th e  low est  c o r r e la t io n  c o e f f i c i e n t  (0 .8 8 1 )  but th e  s i z e  o f  sample  
here was very small and t h i s  p o s s ib ly  has an adverse  e f f e c t  when 
comparisons are made w ith  th e  o ther  sc h o o ls  and th e  whole sample.
Furthermore th e re  can be g r e a t  d i f f e r e n c e s  in  in d iv id u a l
70c o n c e p tu a l iz a t io n s  o f  any g iven  area or t o p ic  and t h e r e f o r e  i t  
was decided  to  i d e n t i f y  ty p e s  o f  p u p il  as "good" or "poor".
"Good" p u p ils  were separated  from "poor" p u p ils  u s in g  a score  o f  17 
on a ccep ta b le  resp on ses  ( s e e  Appendix 2 . 5 ) .  C le a r ly  th e r e  i s  a
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d i f f e r e n c e  in c o g n i t iv e  s tr u c tu r e  o f  ’’good" and "poor" p u p i l s  as 
can be seen by in s p e c t in g  F igures 3 .7  and 3 .8 .
The comparison between th e  mean sco res  for  P r e - t e s t  and 
P o s t - t e s t  (WAT 1) in  Table 3 .1 0  shows a dramatic in c r e a s e  from
5 .1  to  2 2 .5 .  The l i s t  o f  words used as responses  f a l l s  from 492 
words to  386 but w ith  a la rg e  in c r e a s e  in  con stra in ed  resp onses  
which i s  as a r e s u l t  o f  i n s t r u c t io n s  to  p u p ils  on th e  T e s t  (Page 34) 
and th e  in creased  knowledge o f  the  su b je c t  as a r e s u l t  o f  being  
ta u g h t .  An in c r e a s e  in  co n stra in ed  resp onses  from p r e - t e s t  to  
p o s t - t e s t  has been shown by e a r l i e r  workers in t h i s  f ie ld .3 8 > 6 8 ,6 9  
A word in  t h i s  c o n te x t  i s  th e  la b e l  by which th e  concept i s  
i d e n t i f i e d .  Thus " r e la t iv e  atomic mass” i s  counted as one word 
when l i s t i n g  r e sp o n s e s .  There was a p o s i t i v e  c o r r e la t io n  
(Spearman's Hank order c o e f f i c i e n t  = 0 .4 7 8  at s ig n i f i c a n c e  
l e v e l  p < 0 . 0 0 0 5 ) .  The va lu e  i s  lower than would be expected  
from th e  v a lu es  on Table 3 .1 6  and t h i s  r e f l e c t s  th e  s u b j e c t iv e  
nature  o f  th e  sc o r in g  procedure adopted for  "acceptable" resp onses  
( s e e  2 . 6 ) .  I t  was f e l t  however th a t  a degree o f  s u b j e c t i v i t y  i s  
p e r m is s ib le  when one i s  t r y in g  t o  in trod u ce  a c o n tro l  on in fe r e n c e s  
made from r e la t e d n e s s  c o e f f i c i e n t s  by in trod u cin g  a score  based on 
raw data i . e .  resp on ses  t o  each s t im u lu s  for each in d iv id u a l .
The importance o f  t h i s  va lue  and th e  v a lu e s  in Table 3 .1 6  i s  
th a t  th ey  g iv e  credence t o  A u su b e l's  v iew o f  e x i s t in g  c o g n i t iv e  
s tr u c tu r e  having p o s i t i v e  or n e g a t iv e  e f f e c t s  on new meaningful  
lea r n in g  and r e t e n t io n .  The le a r n in g  exp er ien ce  r e s u l t s  in  t r a n s f e r  
by m odifying e x i s t i n g  c o g n i t iv e  s t r u c t u r e .  The e x i s t i n g  c o g n i t iv e  
s tr u c tu r e  in th e  p r e - t e s t  group was not c l e a r ,  s ta b le  and w e l l  
organized  even though some con cep ts  produced reason ab le  "Integrated  
Science"  c l u s t e r s .  Because o f  th e  lack  o f  s t a b i l i t y  in th e  s tr u c tu r e
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a very high c o r r e la t io n  c o e f f i c i e n t  would not be ex p ected .
A p o s i t i v e  c o r r e la t io n  i s  however to  be expected as some p u p ils  
had a '‘reasonable" e x i s t i n g  c o g n i t iv e  s tr u c tu r e  as shown in the  
P r e - t e s t .  The r e s u l t s  v e r i f y  th a t  t h i s  assumption i s  t r u e .
The vocabulary used in  th e  p o s t - t e s t  shows th a t  the  concepts  
a s s o c i a t i v e  meanings change to  ones where th e  S c ien ce  meaning 
predom inates.
3 . 7 . 2  The Whole Sample
Each school group in the  sample shows a s t a b le ,  organized  
and c le a r  c o g n i t iv e  s tr u c t u r e .  The graphic  r e p r e s e n ta t io n s  o f  
the  s tr u c tu r e  in h eren t  in the  h a l f - m a tr ic e s  (F igu res  3 .2 - 3 .7 )  
show th a t  in most c a s e s  th e  c lu s t e r  o f  sub-atomic p a r t i c l e s  
(PROTONS, NEUTRONS, ELECTRONS) or (PROTONS, NEUTRONS, NUCLEUS) 
are th e  most c l o s e l y  r e la te d  o f  th e  seven s t i m u l i .  (ATOMS and 
NUCLEUS) or (ATOMS and ELECTRONS) are  l e s s  c l o s e l y  r e la t e d  and 
they  are norm ally l in k ed  t o  th e  o r ig i n a l  c lu s t e r  through PROTONS 
or NEUTRONS. MATTER and ELEMENTS are  th e  l e a s t  c l o s e l y  r e la te d  
e i t h e r  to  each o th er  or to  th e  o th er  s t i m u l i .
An i n t e r e s t i n g  fe a tu r e  o f  th e  c o g n i t i v e  s tr u c tu r e  for  th e  
whole sample as represented  in F igure 3 .6  i s  th a t  more emphasis  
i s  p laced  on the  "m icro-structure"  o f  matter ( i . e  sub-atom ic p a r t i c l e s  
and th e  atom). Only tenuous r e la t e d n e s s  i s  made t o  th e  "macro- 
stru ctu re"  o f  th e  p h y s ic a l  world as represented  by ELEMENTS and 
MATTER. Thus th e  c o g n i t iv e  s tr u c tu r e  o f  th e  whole sample  
resem bles th e  c o n ten t  s tr u c tu r e  as represented  in F igure 2 . 2 ,  
but th e  c o g n i t iv e  s tr u c tu r e  c e n tr e s  on NUCLEUS, PROTONS, NEUTRONS. 
The c o g n i t iv e  s tr u c tu r e  o f  Atomic Theory in Long Term Memory (LTM) 
would seem t o  c e n tr e  on th e  sub-atom ic p a r t i c l e s .  School No. 3 
produced two se p a r a te  c lu s t e r s  (ELEMENTS, ATOMS) and (NUCLEUS, 
PROTONS) which was c o n s i s t e n t  w ith  a more mature c o g n i t iv e  s tr u c tu r e
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in th a t  i t  seemed to  sep ara te  and then l in k  the  "macro” s tr u c tu r e
of  matter w ith  th e  "micro” s tr u c tu r e  in a meaningful way. Two
c lu s t e r s  were a l s o  produced by School No. 3 in  th e  Tree C onstruction
T e s t .  T his  r e s u l t  and th e  f a c t  th a t  the  s tr u c tu r e  produced for
School No. 2 was s im i la r  to  th a t  produced by the  Word A sso c ia t io n
t e s t  provide  fu r th e r  ev id en ce  for  th e  production o f  s im i la r
9 39r e s u l t s  from Word A ss o c ia t io n  and Graphing te c h n iq u e s .  *
37The a s s o c i a t i v e  meaning o f  th e  seven s t im u li  now in c lu d e s  
th e  fo l lo w in g  words:
NUCLEUS: (p roton , atom, neutron , c e n tr e ,  e l e c t r o n ,  c e l l ,
p o s i t i v e ,  e lem ent, p a r t i c l e ,  ..................)
PROTONS: ( e l e c t r o n s ,  p o s i t i v e ,  n u c le u s ,  atoms, n eu tron s ,
Atomic Number, charge, e lem en ts ,  p a r t i c l e s ,  . )
ELEMENTS: (atom s, p e r io d ic  t a b l e ,  compounds, g a s e s ,  p r o to n s ,
e l e c t r o n s ,  l i q u i d s ,  m e ta ls ,  s o l i d s ,  atomic number, 
carbon, .................... )
ELECTRONS: (prot  o n s ,  n e g a t iv e ,  atoms, neutrons ,  n u c le u s ,  c lo u d s ,  
charge , e lem en ts ,
MATTER: ( s o l i d s ,  l i q u i d s ,  g a s e s ,  atoms, p a r t i c l e s ,  e lem en ts ,
e v e r y th in g ,  m o le c u le s ,  sub stan ce , p ro ton s ,  
e l e c t r o n s ,  ..................)
NEUTRONS: (p r o to n s ,  n u c le u s ,  atoms, e l e c t r o n s ,  n e u t r a l ,  atomic
mass, n e g a t iv e ,  e lem en ts ,  mass number,
ATOMS: (p r o to n s ,  e l e c t r o n s ,  n eu tro n s ,  e lem en ts ,  p a r t i c l e s ,
m o le c u le s ,  m atter ,   ........... )
I t  appears from th e  above th a t  a c l e a r ,  s ta b le  and organized
c o g n i t iv e  s t r u c tu r e  in atomic theory  e x i s t s  a f t e r  t e a c h in g  S e c t io n  7
o f  th e  Chemistry S y l la b u s .
I t  was consid ered  th a t  th e  s t im u l i  them selves  might be
producing an e f f e c t  whereby they  were being  used as resp on ses
simply because t h e i r  presence  in th e  t e s t  suggested  th a t  they
might be s u i t a b l e  answers. I t  was decided  to  a l t e r  th e  in s t r u c t io n s  in
th e  next Word A s s o c ia t io n  t e s t  to  t r y  to  minimize t h i s  e f f e c t .
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CHAPTER 4
An I n v e s t ig a t io n  o f  c o g n i t iv e  s tr u c tu r e  o f  an area o f  th e  Chemistry 
S y l l a b u s ^  and I t s  in terdependence on e x i s t in g  c o g n i t iv e  s tr u c tu r e  
o f  Atomic Theory.
Word A ss o c ia t io n  T est  2 .
4 .1  In trod uction
I t  was decided  to  map c o g n i t iv e  s tr u c tu r e  o f  the  area o f  the
s y l la b u s  taught im m ediately a f t e r  Atomic Theory i . e .  S e c t io n s
8 , 9 ,  and 10 o f  th e  Chemistry S y lla b u s* ^ . This area o f  the
s y l la b u s  covers  chemical com bination, co v a le n t  bonding, f u e l s ,
and r e la t e d  su b stan ces  and carbohydrates ,  A d e t a i l e d  l i s t i n g
o f  the  t o p ic s  covered and th e  depth to  which they  are s tu d ied
i s  conta ined  in  Appendix 4 . 4 .  A Word A sso c ia t io n  T est
c o n ta in in g  15 s t im u l i  was prepared. The s t im u li  were s e l e c t e d
a f t e r  d is c u s s io n  w ith  c o l l e a g u e s .  I t  was decided t o  le a v e  out
words such as  “Carbon Dioxide" and "Alkenes" which form a
c o n s id er a b le  part  o f  S e c t io n  9 ( s e e  Appendix 4 .4 )  in order to
i n v e s t i g a t e  i f  t h e s e  words would appear as responses  t o  some
o f  th e  o ther  s t i m u l i .  By lea v in g  out such words as s t im u l i
a c o n tro l  could be s e t  up on th e  "stim ulus" e f f e c t  mentioned
above ( 3 .6 .2 )  One o f  th e  s t im u li  was a chemical equation  which
was in s e r te d  t o  i n v e s t i g a t e  th e  kind o f  response such a s t im u lu s
would e l i c i t .  The o b j e c t iv e s  o f  t h i s  t e s t  were:
(a) t o  map c o g n i t iv e  s tr u c tu r e  o f  th a t  part o f  S ec t io n  8*°
in v o lv in g  Carbon Chemistry, Covalent Bonding, Equations  
and th e  Mole
(b) to  i n v e s t i g a t e  th e  interdependence o f  the  s tr u c tu r e  mapped 
in (a) w ith e x i s t in g  c o g n i t iv e  s tr u c tu r e
(c )  t o  an a lyse  a s s o c i a t i v e  meaning in th e  f i f t e e n  s t im u l i
(d) t o  i n v e s t i g a t e  i f  a p o s i t i v e  c o r r e la t io n  e x is t e d  between
performance in Word A sso c ia t io n  T e s t  1 (WAT 1) and Word
A sso c ia t io n  T e s t  2 (WAT 2 ) .
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4 .2  The Sample
244 p u p ils  o f  th e  o r ig in a l  266 were t e s t e d .  The d i s t r ib u t io n  
o f  the  p u p ils  i s  drawn in Table 4 .1
•School Number o f  p u p ils
1 62
2 58
3 42
4 63
5 19
T ota l 244
4 .3  The Method
Each p u p il  in th e  sample was i s su e d  w ith  a C o n tro l led  
Continuous Word A sso c ia t io n  T est  (WAT 2) in  which resp on ses  had 
to  be words used in  a chem istry c o n t e x t .  As a fu r th er  c o n tro l  
on th e  " stim u lu s” e f f e c t  o f  th e  s t im u l i  t e a c h e r s  were in s tr u c t e d  
not to  a l low  p u p i l s  t o  turn back t o  pages where they  had l e f t  
blanks e a r l i e r  in  th e  t e s t .  In an e f f o r t  to  cut down on 
resp on ses  being  produced from other  in f lu e n c e s ,  e . g .  P er io d ic  
Table on w all  o f  la b o r a to r y ,  b o t t l e s  o f  chem icals  on s h e lv e s  e t c . ,  
t e a c h e r s  were in s tr u c t e d  t o  monitor c a r e f u l ly  th e  t e s t  and each  
p up il  was allow ed a maximum o f  one minute t o  produce f i v e  re sp o n ses .
4 .4  The T est
RJPIL INSTRUCTIONS
1 . Your teach er  w i l l  h e lp  you t o  make e n t r i e s  in th e  boxes  
on Page 2 .
2 .  When your tea c h e r  i n s t r u c t s  you, turn to  Page 3 .  You w i l l  
se e  a word p r in te d  a t  the  top o f  th e  page. This word w i l l  
remind you o f  o th er  words which are c l o s e l y  connected w ith  i t .
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2 . These must be words th a t  you have heard or used in Chemistry
and in your op in ion  are most c l o s e l y  connected to  the  word 
p r in ted  on the  p age .
3 .  You w i l l  be a llow ed  one minute to  l i s t  th e  f i r s t  f i v e  Chemistry
words which th e  g iven  word reminds you o f .
4 .  Your tea ch er  w i l l  then t e l l  you t o  turn the  page and continu e  
w ith th e  next word in th e  s e r i e s .
5 .  Try not t o  l e a v e  any blanks and remember the  words must be ones  
t h a t  you have met w ith in  Chem istry.
The format o f  the  t e s t  was e x a c t ly  s im i la r  t o  WAT 1. The
fo l lo w in g  s t im u l i  were useds
1. CARBON
2 . COMPOUND
3. COMBUSTION
4 . VALENCY
5 . MOLE,
6 . COVALENT BOND
7 . CARBON MONOXIDE
8 . ALKANES
9 . UNSATURATED
10. SUBSTITUTION
11. ISOMERS
12. ADDITION
13. PHOTOSYNTHESIS
14. CaC03 —*Ca0 + CO,
15. CHAINS
4 .5  R esu lts
H alf m atr ices  o f  r e la te d n e s s  c o e f f i c i e n t s ^ *  were co n stru c ted  
for each p u p i l .  The p u p ils  were d iv id ed  in t o  "good" and "poor" 
by choosing a c u t - o f f  p o in t  o f  g r e a te r  than or equal t o  47 on th e  
combined s c o re s  ob ta in ed  fo r  accep ta b le  re sp on ses  on WAT 1 and WAT 2 
( s e e  S ec t ion  3 . 5 ) .  The l i s t  o f  ac c ep ta b le  resp onses  t o  th e  f i f t e e n  
s t im u l i  in WAT 2 i s  conta ined  in  Appendix 4 . 3 .  The mean h a l f  m atr ices  
for  Hgoodn and "poor" p u p i l s  were computed w ith  th e  mean r e la te d n e s s
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c o e f f i c i e n t s  for WAT 1 included in th e  h a l f - m a t r i c e s .  The two 
t e s t  r e s u l t s  were combined so th a t  a map o f  c o g n i t iv e  s tr u c tu r e  
o f  th e  e n t ir e  sample for  a l l  twenty two s t im u li  could be drawn. 
T ab les  4 .2  and 4 .3  conta in  the  mean h a l f - m a tr ic e s  for  both s e t s  
o f  p u p i l s .
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The c o g n i t iv e  s tr u c tu r e  for both s e t s  o f  p u p ils  are graphed 
in the  o v e r la y s  t o  F igures  4 .1  and 4 . 2 .  The d i f f e r e n t  ov er la y s  
g iv e  th e  new s tr u c tu r e  which emerges as th e  c u t - o f f  p o in t  i s  
lowered .
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T h e  m e a n  s c o r e s  p c i  s c h o o l  o n  " a c c e p t a b l e "  r e s p o n s e s  a r e
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CL ta b u la ted  in Table 4 . 4 ,  The l i s t  o f  "acceptable" responses  was
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c ircum stances would be em inently  accep tab le  i f  the  words were not 
e l i c i t e d  as responses  by a stim ulu s  in t h i s  t e s t .
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The mean scores  per school  on "acceptable” responses are  
CL tab u la te d  in Table 4 . 4 .  The l i s t  o f  "acceptable" responses  was
q  ^  <^^p4«^eCNfrom the  e n t ir e  l i s t  o f  responses  to  each in d iv id u a l
^  O  ^ ^ n^ ,us# wi l l  th e r e fo r e  not contain  words which in other
circum stances would be em inently  accep tab le  i f  the  words were not
e l i c i t e d  as responses  by a s t im ulu s  in  t h i s  t e s t .
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The mean s c o i e s  pel  s c h o o l  on  • ' a c c e p t a b l e * '  r e s p o n s e s  a r e  
C L  t a b u l a t e d  i n  T a b l e  4 . 4 ,  T h e  l i s t  o f  • ' a c c e p t a b l e 1' r e s p o n s e s  w a s
$ Z  i n  o  w ? ,
q  pH q^RpJjed fiom the  e n t ir e  l i s t  o f  responses  t o  each in d iv id u a l  
^  O  i t  w i l l  th e r e fo r e  not contain  words which in other
o
circum stances would be em inently  a ccep tab le  i f  the  words were not 
e l i c i t e d  as responses  by a stim ulu s  in  t h i s  t e s t .
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The mean scoies  pel  school on "acceptable" responses are  
CX ta b u la te d  in Table 4 . 4 .  The l i s t  o f  "acceptable" responses  was
t  m o .Q  ^  <fW^piled from the e n t ir e  l i s t  o f  responses  to  each in d iv id u a l
^  ®  s t im u lu s .  I t  w i l l  th e r e fo r e  not conta in  words which in other  
W
circum stances would be em inently  accep ta b le  i f  the  words were not  
e l i c i t e d  as responses  by a s tim ulu s  in t h i s  t e s t .
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T h e  mean  s c o i e s  p e r  s c h o o l  on " a c c e p t a b l e "  r e s p o n s e s  a r e  
t a b u l a t e d  i n  T a b l e  4 . 4 .  T h e  l i s t  o f  " a c c e p t a b l e "  r e s p o n s e s  w a s
\JF\ compiled from the e n t ir e  l i s t  o f  responses  to  each in d iv id u a l
' C,. 3 3
*fj|j - s t im u lu s .  I t  w i l l  th e r e fo r e  not contain  words which in other
Q
circum stances  would be em inently  accep ta b le  i f  th e  words were not  
e l i c i t e d  as responses  by a stim ulu s  in t h i s  t e s t .
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The mean scores  per school on " accep tab le” responses  are  
ta b u la te d  in Table 4 .4 ,  The l i s t  o f  "acceptable" responses  was 
compiled from the e n t ir e  l i s t  o f  responses  to  each in d iv id u a l  
s t im u lu s .  I t  w i l l  th e r e fo r e  not conta in  words which in other  
circum stances would be em inently  a ccep ta b le  i f  the  words were not  
e l i c i t e d  as responses  by a stim ulu s  in t h i s  t e s t .
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A s c a t t e r  p lo t  o f  sc o re s  in WAT 2 versu s  scores  in  WAT 1 i s  
drawn in Figure 4 . 3 .
FIGURE 4 .3
SCATTER PLOT OF SCORES IN WAT 2 VERSUS SCORES IN WAT 1.
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Table 4 .5  co n ta in s  the  twenty two most popular responses  w ith  t h e ir  
fr e q u e n c ie s .
TABLE 4 .5
L is t  o f  most popular resp onses  and t h e i r  frequ en cies  in  WAT 1 and WAT 2 .
WORD FREQUENCYas
RESPONSE
*ATOMS 1198
*ELECTRONS 971
*PROTQNS 798
^ELEMENTS 692
*NEUTRCNS 618
C arbon 507
^NUCLEUS 470
Oxygen 446
*Compound 413
Carbon D iox ide 403
M olecules 395
Bonds 382
Gases 376
R eactions 300
Formulae 299
P o s i t i v e 294
Alkenes 286
N egative 265
Atomic Weight 230
P a r t i c l e s 224
S o l id s 218
Hydrocarbons 206
* Words a s te r i s k e d  were used as s t im u l i .
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Table 4 .6  co n ta in s  the rank order c o r r e la t io n  c o e f f i c i e n t  for  
WAT 1 and WAT 2 to g e th e r  with the  h yp oth es is  being t e s t e d  which 
i s  th e  n u l l  h y p o th e s is  -  th ere  i s  no c o r r e la t io n  between scores  
in WAT 1 and WAT 2 .
TABLE 4 .6
Spearman Rank order c o e f f i c i e n t  for  c o r r e la t io n  o f  WAT 1 and WAT 2
s c o r e s .
N = 236
C o r r e la t io n  
c o e f  f i c i e n t
t  = PJn-2.
J l -  p*
S ig n i f i c a n c e
le v e l
0 .3 3 2 5 .384 < 0.0005
Ho : The c o r r e la t io n  between scores  in WAT 1 and WAT 2 = 0 .
H | 1 The c o r r e la t io n  i s  p o s i t i v e  between scores  in  WAT 1 and WAT 2 . 
Ho i s  r e je c te d  a t  the  0 .0005  s ig n i f i c a n c e  l e v e l .
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Table 4 .7  co n ta in s  th e  r e g r e s s io n  equation and s t a t i s t i c a l  data
concern ing r e g r e s s io n  o f  scores  in WAT 2 on scores  in WAT 1. 
TABLE 4 .7
PREDICTION OF WAT 2 SCORES (y) FROM WAT 1 SCORES M .
( i )  The r e g r e s s io n  equation i s  
Y = 21 .1  + 0.442X
( i i ) CoCFpiC/EKlT ST bE*/*'OF COEf.
T -  Redt 'a -  
C°g ' fS't.b£\/«
Sic-wi  
L.£ v £ u .
X .
Z \ . 106 
0 .  W L -
I.<*9 6
o . o e z
IO. 5-7 
5 * 3 1
(I) f>< o .  O O O S
xj <0.00O S
0)Ho : C0*V &--0
(where "a" and "bH are the  c o e f f i c i e n t s  in the  r e g r e s s io n  e q u a t io n ) .  
The n u l l  h y p o th e s is  i s  r e je c te d  in  both cases  a t  the  0 .0 0 0 5  l e v e l  
o f  s i g n i f i c a n c e .
( i i i )  The standard d e v ia t io n  o f  Y about re g re ss io n  l i n e  i s  
S = 8 .030  w ith  234 degrees  o f  freedom.
( iv )  C o e f f i c i e n t  o f  Determ ination = 11.0%.
The fr e q u e n c ie s  o f  th e  complete s e t  o f  resp onses  t o  a l l  
twenty two s t im u l i  for  th e  244 p u p i l s  who took WAT 1 and WAT 2 
are con ta in ed  in  Appendix 4 . 1 .
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4 .6  D is c u ss io n
The mean v a lu es  in the  h a l f -m a tr ic e s  showed lower va lu e s  than 
th o s e  ob ta in ed  in WAT 1. This i s  t o  be expected as the  s t im u l i  
cover a much broader area o f  the  s y l l a b u s ^ .  The graphic a n a ly s is  
u s in g  Waern’ s techn iqu e  (F igure 4 .1  and Figure 4 .2 )  r e s u l t s  in the  
emergence o f  d i f f e r e n t  p a t te r n s  for  "good" and "poor" p u p i l s .
4 . 6 . 1 .  In Figure 4 .1  fo r  "good" p u p ils  the  f i r s t  words t o  emerge 
are th e  subatomic p a r t i c l e s  (PROTONS, N0JTRONS, NUCLEUS and 
ELECTRONS). This c lu s t e r  was then enlarged by the  a d d it io n  o f  
ATOMS. On low ering th e  c u t - o f f  p o in t  t o  0 .3 0 ,  ELEMENTS i s  added 
to  th e  c lu s t e r  fo llow ed  by COMPOUND on lowering t o  0 .2 5 .  Then 
two d i s t i n c t  c l u s t e r s  emerge:
(1) th e  atomic c lu s t e r  r e fe r re d  to  above and
(2) (SUBSTITUTION, ADDITION)
T h is  marks th e  emergence o f  a separate  "organic" c l u s t e r .
Then(CARBON, CARBON MONOXIDE, COMBUSTION)emerges as a t h ir d  c lu s t e r  
through which th e  l in k a g e  between the  "organic" c lu s t e r  and th e  
"atomic" c lu s t e r  i s  made. On dropping th e  c u t - o f f  p o in t  t o  0 .0 5  
CaCO—*CaO + C02 , ISOMERS and MOLE emerge. On furth er  dropping  
th e  c u t - o f f  p o in t  t o  0 .0 4  PHOTOSYNTHESIS emerges l in k ed  t o  
COMBUSTION.
The data in  th e  mean h a l f -m a tr ix  for "good" p u p i l s  r e p r e se n ts  
a s t a b le  c o g n i t iv e  s tr u c tu r e  in which an "atomic" c lu s t e r  and an 
"organic" c lu s t e r  have a fundamental r o le  with both c lu s t e r s  
in t e r l in k e d  by th e  "organ ic / in organ ic"  component o f  S e c t io n  8 10 
i d e n t i f i e d  by (pARBON, CARBON MONOXIDE, COMBUSTION^ . I t  i s  i n t e r e s t i n g  
to  n o te  th a t  o f  the concepts  which emerged l a s t  PHOTOSYNTHESIS was 
c l e a r l y  d e f in e d  by most p u p i l s  in  terms of  an a s s o c i a t i v e  meaning 
as encountered in th e  e a r l i e r  years o f  Secondary School E ducation.
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I t  did not th e r e fo r e  show much overlap  in  response h ie r a r c h ie s  
with th e  o th er  s t im u l i .  I t  overlapped most c l o s e l y  with COMBUSTION 
because o f  resp onses  such as oxygen and carbon d io x id e .
In F igure 4 .2  for  "poor” p u p ils  a l in e a r  s tr u c tu r e  for the  
atomic s t im u l i  emerges with no branches as the c u t - o f f  p o in t  i s  
dropped to  0 .2 5 .  The (CARBON, CARBON MONOXIDE) c lu s t e r  emerges 
s e p a r a te ly  from th e  "atomic" c lu s t e r  on a c u t - o f f  p o in t  o f  0 .2 0 .
On dropping th e  c u t - o f f  p o in t  to  0 .1 5  COMPOUND emerges l in k ed  t o  the  
"atomic" c l u s t e r  through ELEMENTS. When th e  c u t - o f f  p o in t  i s  
lowered t o  0 .1 0  th e  two c l u s t e r s  are l inked through CARBON-COMPOUND 
t o  produce a l in e a r  s tr u c tu r e  w ith  f i v e  new concepts  l in k ed  to  th e  
o r ig in a l  two c l u s t e r s .  An i s o l a t e d  c l u s t e r ,  ADDITION, SUBSTITUTION, 
i s  a l s o  produced. The o v e r a l l  s tr u c tu r e  as graphed then i s  o f  two 
c l u s t e r s :
(1) A l in e a r  s tr u c tu r e  -  very sim ple and confused
in p la c e s .
(2) An i s o l a t e d  "organ ic” c lu s t e r  -  ADDITION, SUBSTITUTION.
Lowering th e  c u t - o f f  p o in t  to  0 .0 5  l in k s  th e  i s o l a t e d  c lu s t e r
t o  th e  main c lu s t e r  through CHAINS and ISOMERS lin k ed  to  NEUTRONS, 
w h ile  MOLE lin k ed  to  VALENCY and ALKANES lin k ed  to UNSATURATED a l l  
emerge. PHOTOSYNTHESIS l in k ed  to  ATOMS emerges on lowering th e  c u t - o f f  
p o in t  to  0 . 0 2 .  In c o n tr a s t  th e  "good" p u p ils  graph (Figure 4 .1 )  
r e f l e c t s  a mature c o g n i t iv e  s tr u c tu r e  with complex meaningful  
branching l in k in g  th e  "atomic" c lu s t e r  w ith th e  "organic" c l u s t e r .
4 . 6 . 2  The vocabulary extended the  o r ig in a l  386 words from WAT 1 
t o  789 words. (See Appendix 4 .1 )  The most popular responses  are  
l i s t e d  in Table 4 . 5 .  The words a s te r i sk e d  were th o se  which were 
used as s t i m u l i .  The problem th a t  a l o t  o f  resp on ses  would in  
fa c t  be s t im u l i  them selves  (su ggested  by th e  t e s t  i t s e l f  -  see  
4 .7 .2 )  did not a r i s e  in any n o t ic e a b le  way. In f a c t  s t im u li  which
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were con s id ered  for  in c lu s io n  in th e  t e s t  such as CARBON DIOXIDE, 
ALKENES, OXYGEN but were d e l ib e r a t e ly  omitted did in f a c t  show up 
as r esp on ses  far more freq u en tly  than some o f  the s t i m u l i .
Choosing a c u t - o f f  p o in t  o f  99 resp onses  o v e r a l l  produces 51 
d i f f e r e n t  resp onses  which inc lud e  only  11 o f  the  22 s t im u l i  used  
in  both word a s s o c ia t io n  t e s t s .  Th is i s  very strong ev id en ce  
th a t  th e  problem o f  th e  s t im u l i  e l i c i t i n g  them selves  as resp onses  
t o  o ther  s t im u l i  does not e x i s t  to  any g rea t  ex ten t  and th a t  word 
a s s o c i a t io n  t e s t s  can be used to  g e t  a t  underly ing  s t r u c t u r e .
The a s s o c i a t i v e  meanings o f  the  15 s t im u l i  t o  WAT 2 are l i s t e d  in  
Appendix 4 . 2 .  In most c a se s  th e  c o n s tr a in t s  imposed by th e  t e s t  
in s t r u c t io n s  have ensured th a t  the  s c ie n c e  meaning predominated but 
in  some con cep ts  th e re  was a s s o c ia t io n  t o  everyday meaning e . g .  
UNSATURATED e l i c i t e d  the  response “dry1’ probably from SATURATED =
WET UNSATURATED = DRY.
The presen ce  o f  ac id  and a lk a l in e  in the  a s s o c i a t i v e  meaning 
o f  ALKANES i s  in t e r e s t i n g  and might imply a “v isu a l"  or “aural"  
a s s o c i a t io n  o f  th e  "ALK" in alkanes w ith  a l k a l i s .  In th e  o b j e c t iv e  
t e s t  which was used as an achievement t e s t  in t h i s  e x e r c i s e  an 
item was inc lu d ed  t o  see  i f  t h i s  in fe r e n c e  had any su b sta n ce .
(See Chapter 5 .5 )
4 . 6 . 3  There was a p o s i t i v e  c o r r e la t io n  o f  0 .3 3 2  ( s e e  Table 4 .6 )  
on th e  s c o r e s  for  WAT 1 and WAT 2 ( s i g n i f i c a n t  at the  0 .0 0 0 5  l e v e l ) .  
The f a c t  t h a t  performance on a word a s s o c ia t io n  t e s t  has to  be 
scored on th e  b a s i s  o f  in t u i t io n  or as  in t h i s  research  e x e r c i s e  
on th e  b a s i s  o f  norms suggested  by th e  p u p i l s ’ own r e sp o n ses  (my 
procedure fo r  p ick in g  "acceptable" resp on ses)  p lu s  a l e v e l  o f  
i n t u i t i o n ,  w i l l  u l t im a te ly  mean a f a i r  degree o f  s u b j e c t i v i t y  in 
th e  sc o r in g  method. For t h i s  reason I would propose th a t  a p o s i t i v e
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c o r r e la t io n  in d ic a t e s  that e x i s t in g  c o g n i t iv e  s tr u c tu r e  has a 
bearing  on th e  learn in g  o f  new m ater ia l  as in d ic a te d  by the  
a s s im i l a t io n  and accommodation o f  the concepts l a b e l l e d  by the  
words used as s t im u li  in WAT 2 .  An important c o r o l la r y  to  the  
above i s  th a t  the  ex ten t  to  which th e  e x i s t in g  c o g n i t iv e  s tr u c tu r e  
has made a p o s i t i v e  c o n tr ib u t io n  to  the  learn in g  of  the new 
s u b je c t -m a tte r  in Section  8 may not be as g r e a t  as exp ected .
This p o in t  w i l l  be further  developed in Chapter 6 .
The r e g r e s s io n  equation i s  Y = 21 .1  + 0.442X w ith  the  n u l l  
h y p o th e s is  being  r e je c te d  in  both c a ses
where c l /  j r  are the  c o e f f i c i e n t s  in  the  r e g r e ss io n  equation^  
a t  s i g n i f i c a n c e  l e v e l s  o f  0 .0 0 0 5 .
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CHAPTER 5
The r e la t io n s h ip  between e x i s t in g  c o g n i t iv e  s tr u c tu r e  and performance 
in an achievement t e s t
5 .1  In trod u ction
A sh ort  m u lt ip le  ch o ice  o b j e c t iv e  t e s t  was issu e d  t o  256 o f  the  
o r ig i n a l  sample. The o b j e c t iv e s  o f  t h i s  m u lt ip le  c h o ice  t e s t  were:
(a) t o  fu n c tio n  as an achievement t e s t  fo r  the  sample cover in g  the  
area o f  chem istry examined in WAT 1 and WAT 2 .
(b) t o  see  i f  th ere  was a p o s i t i v e  c o r r e la t io n  between performance  
on a word a s s o c ia t io n  t e s t  and performance on an achievement 
t e s t  and
(c )  t o  i n v e s t i g a t e  th e  e f f e c t  o f  in trod u cin g  a i s t r a c t o r s  (which were 
su ggested  by resp onses  t o  WAT 2) in to  a m u lt ip le  c h o ice  item .
5 .2  The Sample
The sample drawn from th e  o r ig in a l  sample o f  266 was d i s t r ib u t e d  
as f o l lo w s :
TABLE 5 .1
School No. o f  P u p ils
1 67
2 62
3 45
4 63
5 19
ALL 256
5 .3  The T es t
The t e s t  c o n s is t e d  o f  twenty m u lt ip le  ch o ice  q u e s t io n s  n in eteen  
o f  which were chosen from the  o b j e c t iv e  paper in th e  Summer exam o f
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school No. 1. The idea behind t h i s  was to  introduce a degree o f  
o b j e c t i v i t y  to  the  c h o ice  o f  o b j e c t iv e  q u e s t io n s .  The P r in c ip a l  
Teacher o f  school No. 1 was unaware th a t  he was preparing a t e s t  for  
t h i s  e x e r c i s e  u n t i l  h i s  perm ission  was sought a f t e r  h i s  examination  
had been prepared. Most o f  th e  q u e s t io n s  are from former S c o t t i s h  
C e r t i f i c a t e  o f  Education Examination Board O-grade examination  
Q uestion No. 20 was added t o  i n v e s t i g a t e  i f  the  d i s t r a c t o r s  
m entioning "acid" or "a lk a lin e"  would be chosen . The t e s t  i s  
c o n ta in ed  in Appendix 5 .1 .
5 .4  The R esu lts
T able 5 .2  c o n ta in s  a summary o f  responses  with f a c i l i t y  v a lu e s
c o r r e c te d  accord ing to  the  equation :
co r re c te d  f a c i l i t y  va lu e  = nx ( f a c i l i t y  va lue)  -  1
n -  1
where 'n ' = t o t a l  number o f  resp on ses  per item and f a c i l i t y  va lu e  = 
f r a c t io n  o f  p u p i l s  who answered c o r r e c t l y .
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TABLE 5 .2
Response Frequencies F a c i l i t y
value I n v a l id
Q uestion 1 2 3 4 (corrected )
1
*
219 11 13 7 0 .807 6
2 5 202* 29 15 0 .718 5
3 17 26 12
*
196 0 .688 5
4 18
*
173 40 17 0 .568 8
5 37
*
174 26 14 0 .573 5
6
Mr
176 21 33 21 0.583 5
7 17
-*
128 28 79 0.333 4
8 33 42
•*
108 59 0.229 14
9
*
88 98 50 15 0 .125 5
10 21
*
137 21 62 0 .380 15
11 23 33
*
163 21 0 .516 16
12 36 56 48
*
107 0 .224 9
13 26 33 48 141 0.401 8
14 42 57
*
122 25 0 .302 10
15 59 80
*
87 21 0.120 9
16 40 34
*
118 57 0.281 7
17 33
*
156 32 27 0.479 8
18 87 79 27
*
57 - 0 .0 3 6 6
19 69 73 16
*
90 0 .135 8
20 22
*
135 63 25 0 .370 11
C orrect  response  fre q u en c ie s  are  a s t e r i s k e d
The mean and standard d e v ia t io n  for the  t e s t  scores  were 
11*02 and 3 .7 0 8  r e s p e c t i v e l y .
A histogram  o f  th e  t e s t  sc o re s  i s  drawn in Figure 5 . 1 .
FIGURE 5 .1
HISTOGRAM OF OBJECTIVE TEST SCORES
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A histogram  o f  th e  combined scores  (WAT 1 + WAT 2) i s  drawn in  
Figure 5 , 2 .
FIGURE 5 .2
HISTOGRAM OF COMBINED SCORES (WAT 1 + WAT 2 )
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The number o f  p u p i l s  who took  both word a s s o c ia t io n  t e s t s
(WAT 1 and WAT 2) and th e  o b j e c t iv e  t e s t  was 236.
C o r r e la t io n  c o e f f i c i e n t s  (Pearson) were c a lc u la te d  between
each p u p i l ' s  score  in  WAT 1 + WAT 2 and t h e i r  sc o re s  in th e
o b j e c t iv e  t e s t .  Spearman rank order c o e f f i c i e n t s  were a l s o  
c a lc u la t e d .  These c o e f f i c i e n t s  are ta b u la te d  in Table 5 . 3  
to g e th e r  w ith  Means and Standard d e v ia t io n  for  both t e s t s  and 
th e  hypotheses  t e s t e d .  The n u l l  h y p o th e s is  (H ) was th a t  th e r e  
was no c o r r e la t io n  between th e  two t e s t s .  T h is  was r e je c te d  
w ith  a degree o f  con f id en ce  o f  5 in 10 ,000  in  favour o f  th e  
h y p o th e s is  (H^) th a t  th e re  i s  a p o s i t i v e  c o r r e la t io n  between  
th e  marks in  both t e s t s .
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T A B L E  5 . 3
COF. REL A T IO N  OF WAT 1 4- ft AT 2  SCO!.;. OBJECTIVE TEST SCORES
Hq : C o r r e la t io n  c o e f f i c i e n t  = 0  = ° )
H^s There i s  a p o s i t i v e  c o r r e la t io n  > < 0
H0 wss r e je c te d  in each case  a t  the  0 .0005  s ig n i f i c a n c e  l e v e l .
No. o f  P u p ils  (N) Mean Standard Dev1?
WAT 1 + WAT 2: 236 54.843 12 .2
O b je c t iv e  t e s t s 236 10.852 3 .9
C orre la t ion  C o e f f i c i e n t S ig n i f i c a n c e
Pearson 0 .456 t> <  0 .0005
Spearman 0 .426 <  0 .0005
The c o r r e la t io n  c o e f f i c i e n t s  for "good" p u p ils  ( s c o r e  ^  47 in
WAT 1 and WAT 2 ) sco res  in WAT 1 and WAT 2 and t h e ir  s c o r e s  in the  
O b je c t iv e  t e s t  were c a lc u la t e d .  T h is  procedure was repeated  for  
"poor" p u p i l s  ( s c o r e  <  47 in WAT 1 and WAT 2 ) .  School No. 5
performed unexpected ly  poorly  in the  o b j e c t iv e  t e s t  and th e  
c o r r e la t io n  c o e f f i c i e n t s  were c a lc u la te d  for the  sample w ith  School 
No. 5 removed. Spearman Rank order c o e f f i c i e n t s  were a l s o  
c a lc u la t e d  and the  r e s u l t s  are ta b u la te d  in Table 5 . 4 .  The n u l l  
h y p o th e s is  (H ) was th a t  th ere  was no c o r r e la t io n  between th e  two 
t e s t s .  T h is  was r e je c te d  with a degree o f  confidence  o f  5 in  
10 ,000  in favour o f  the  h y p o th es is  (H^) th a t  th ere  i s  a p o s i t i v e  
c o r r e la t io n  between th e  marks in  both t e s t s .
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T A B L E  5 . 4
C O R R E L A T IO N  C 0 E F F I C I E N T 5 A F 0 R  “ GOOD" AND 11 POOR" P U P I L S '  SCORES IK1 
WORD A S S O C I A T I O N  AND O B J E C T I V E  T E S T
H : C o r r e la t io n  c o e f f i c i e n t  = 0o
HjJ C o r r e la t io n  c o e f f i c i e n t  i s  p o s i t i v e
H was r e je c te d  in each case  a t  the  0*0005 s ig n i f i c a n c e  l e v e l ,  o 3
Group No. o f  
Pupils(N )
C orre la t ion  
c o e f f i c i e n t  
(P earson ' s)
S ig n i f ic a n c e
l e v e l
C o r re la t io n  - 
c o e f f i c i e n t  
(Spearman's)
S ig n i f i c a n c e
l e v e l
"Good" p u p i l s  
WAT 1 + WAT 2
182 0 .425 f>< 0 .0005 0 .388 ^2. 0 .0005
“Poor” p u p i l s  
WAT 1 + WAT 2 54 0 .302 f>< 0 .0005 0 .416 0 .0005
E n tir e  sample 
minus School  
No. 5
217 0 .475 ^ < 0 .0 0 0 5 0 .4 5 6 0 .0005
8 5
5 .5  D isc u ss io n
The O b je c t iv e  t e s t  proved to  be a reasonable achievement t e s t  
w ith a p o s i t i v e l y  skewed d i s t r ib u t io n  ( s e e  Figure 5 . 1 ) .  The 
r e l i a b i l i t y  c o e f f i c i e n t  for  the  t e s t  u s in g  the  Kuder-Richardson
where n  = number o f  item s in the  t e s t
= standard d e v ia t io n  o f  t o t a l  scores
= f a c i l i t y  index for  each item  
— 1 — p for each item
The histogram  o f  th e  combined sco res  in WAT 1 and WAT 2 shows 
a n e g a t iv e ly  skewed d i s t r i b u t io n .  Both s e t s  o f  scores  ( o b j e c t iv e  
and WAT 1 + WAT 2) do not d i f f e r  g r e a t ly  from normal d i s t r i b u t io n s
though with WAT 1 and WAT 2 the  d i s t r ib u t io n  does not t a i l - o f f  a t
very  h igh  v a lu e s  between 80 and 110.
5 .5 .1  There was a p o s i t i v e  c o r r e la t io n  between performance in the  
word a s s o c ia t io n  t e s t s  and in  the  o b j e c t iv e  t e s t s .  The va lu e  o f  the  
c o r r e la t io n  c o e f f i c i e n t s  (Table 5 .3 )  la y  between 0 .4  and 0 .5  and 
w ith th e  removal o f  School No. 5 (See Table 5 .4 )  th e  va lu e  o f  
Pearson’ s product moment c o e f f i c i e n t  was 0 .475  s i g n i f i c a n t  a t  th e  
0 .0 0 0 5  l e v e l .  The performance o f  School No. 5 h ig h l ig h t s  the  
problems in heren t  in  F ie ld  work with school p u p i l s .  On d i s c u s s io n  
w ith  t h e i r  tea ch er  i t  was found th a t  they  resen ted  tak in g  an 
o b j e c t iv e  t e s t  during th e  p a r t ic u la r  week (Summer Term) in which 
i t  was ad m in is tered . Personal in te r v ie w s  with  some p u p ils  in  
School No. 1 and d i s c u s s io n  with th e  P r in c ip a l  teacher  in  School 
No. 2 confirmed th a t  some p u p ils  who did r e l a t i v e l y  p oor ly  on th e
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formula 20 was 0 .8 1 0 .  The formula i s  used to  determine a
r e l i a b i l i t y  c o e f f i c i e n t  from item s t a t i s t i c s :
R e l i a b i l i t y
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Word A ss o c ia t io n  t e s t s  but periormed very w ell  in the o b j e c t iv e  
t e s t s  did not have th e  r ig h t  a t t i t u d e  to  the former t e s t  and did  
not t r e a t  i t  s e r io u s ly  enough. Perhaps a reward (monetary!) in  the  
t r a d i t io n  o f  s im i la r  e x e r c i s e s  reported  in American l i t e r a t u r e  
might overcome t h e s e  problems. The f a c t  th a t  a p o s i t i v e  c o r r e la t io n  
was found between performance in word a s s o c ia t io n  t e s t s  and in an 
achievem ent t e s t  supports th e  second p r o p o s it io n  on which t h i s  
r esearch  e x e r c i s e  i s  based (See Chapter 2, Section  2 . 7 ) .
5 . 5 . 2  C o r r e la t io n s  between performance in (WAT 1 + WAT 2) and the  
o b j e c t i v e  t e s t  for  "Good" and "Poor" p u p ils  were a l so  p o s i t i v e  
(See T ab le  5 . I f ) .  The o b j e c t iv e  t e s t  contained  four q u e s t io n s  
w ith  f a c i l i t y  va lu e s  l e s s  than 0 . 2 .  These q u est ion s  were numbers 
9 ,1 5 ,1 8  and 19. As fu rth er  ev id en ce  o f  th e  c o r r e la t io n  between 
performance in a word a s s o c ia t io n  t e s t  and in an achievement t-est in 
was noted th a t  the  number o f  p u p ils  c l a s s i f i e d  as "poor" who 
performed w e l l  in the  four q u e s t io n s  mentioned above was e x ceed in g ly  
low. T h is  i s  i l l u s t r a t e d  in Table 5 .5 .
Q uestion
No.
Correct
Responses
No. o f  Correct  
responses  from 
"poor" p u p ils
9 88 4
15 87 7
18 57 2
19 90 13
Q uestions 9 and 18 (See Appendix 5 .1 )  in p a r t ic u la r  required  
the  s o lu t io n  o f  dependent sub-problems b efore  the  f i n a l  s e l e c t i o n  
o f  th e  c o r r e c t  response  could be made. In th e  case  o f  Question 9 ,
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for in s t a n c e ,  the p o s s e s s io n  in c o g n i t iv e  s tru ctu re  o f  subsumers
( s e e  1*5) which r e la t e d  a p o s i t i v e  ion to  the number o f  e le c tr o n s
l o s t  by th e  n eu tra l  atom to g eth e r  with a knowledge of  which
27 3+numbers in the  symbol ^ A l  re fe r re d  to  Mass Number or Atomic 
Number and what th e  3+ r e fe r r e d  t o ,  would a l l  prove n e c e ssa r y  
b efo re  s o lu t io n  o f  th e  problem could be attem pted. The low 
numbers o f  "poor” p u p i l s  who managed to  get  the co r re c t  answer 
i s  fu r th e r  ev id en ce  th a t  i f  a pup il p o s s e s s e s  an un stab le  c o g n i t iv e  
s tr u c tu r e  in  a p a r t ic u la r  area o f  su b jec t  matter then problem 
s o lv in g  w i l l  be in h ib i t e d  in th a t  area . Novak e t  a l l?  argue th a t  
th e  primary determ inant o f  lea rn in g  su ccess  i s  the a v a i l a b i l i t y  
o f  r e le v a n t  subsumers in the  l e a r n e r 's  c o g n i t iv e  s tr u c tu r e .
5 .5 .3  I t  was noted e a r l i e r  ( 4 .6 .2 )  th a t  ALKANES e l i c i t e d  resp onses  
such as " a lk a l in e ”/  " a c id ic " .  By in s e r t in g  th e se  words in two o f  
the  d i s t r a c t o r s  in  Question No. 20 i t  was found th a t  33.2% o f  the  
Sample chose  t h e s e  r e sp o n ses .  The im p lica t io n  here for te a c h in g  
and le a r n in g  i s  th a t  th e  d i s t i n c t i o n  between ALKANE and ALKALINE 
should be c l e a r ly  made. Further ev id en ce ,  th a t  responses  t o  a word 
a s s o c i a t io n  t e s t  r e f l e c t  und er ly in g  c o g n i t iv e  s tr u c tu r e  and th a t  
c o g n i t iv e  s tr u c tu r e  has a bearing on performance in an 
achievement t e s t ,  can be c i t e d  in th a t  83.3% o f  th o se  p u p i l s  
who gave "acid" or " a lk a lin e"  or both as responses to  ALKANE 
choose th e  d i s t r a c t o r s  mentioned above in Question No. 20 .
5 .5 .4  I t  i s  i n t e r e s t i n g  t o  n ote  th a t  th e  c o r r e la t io n s  reported  
are in  f a c t  supported by an item a n a ly s is  o f  the t e s t .  Q uite  
fr e q u e n t ly  s t a t i s t i c s  mask the  f in e  s tr u c tu r e  which can on ly  be 
e lu c id a te d  by look in g  c l o s e l y  at th e  t e s t  i tem s. In t h i s  s e c t io n  
th e  t e s t  item s are c a te g o r is e d  and p r e d ic t io n s  are made about 
expected  p u p il  performance in r e la t io n  to  the  c o g n i t iv e  s tr u c tu r e
mapped in Figure 4 .1  and 4 .2 .  These p r e d ic t io n s  are then checked 
a g a in s t  th e  f a c i l i t y  va lu e s  quoted in Table 5 .2 .
As p o in ted  out in 5 .3  th e  t e s t  was not s p e c i f i c a l l y  prepared  
in order t o  l in k  q u e s t io n s  d i r e c t l y  to  the  f in e  s tr u c tu r e  drawn in  
Figure 4 .1  but was meant to  be a genuine o b je c t iv e  t e s t  in th o se  
areas o f  th e  s y l la b u s  covered by WAT 1 and WAT 2. I t  was f e l t  
th a t  t h i s  was th e  most o b j e c t iv e  method o f  preparing a s u i t a b l e  
achievem ent t e s t .  The t e s t  does however r e f l e c t  in performance  
th e  u n d er ly in g  f in e  s tr u c tu r e  o f  th e  c o g n i t iv e  s tr u c tu r e  as mapped 
in F igure 4 . 1 .  Where e x i s t in g  concepts are firm ly  l in k ed  in the  
c o g n i t iv e  s tr u c tu r e  f a c i l i t y  v a lu es  for  qu est ion s  t e s t i n g  t h e s e  
concepts  are h ig h .  The concepts concerned can e i th e r  be s t im u l i  
in th e  word a s s o c ia t io n  t e s t s  or responses  t o  the  t e s t s  e . g .  
item No. 1 re q u ire s  knowledge o f  the  meaning o f  atomic number 
and mass number. Both o f  th e se  appeared as responses t o  the  
word a s s o c ia t io n  t e s t s  ( fr e q u e n c ie s  o f  341 and 171 r e s p e c t iv e ly )  
and judging  from the many r e la t e d  responses  such as atomic mass 
u n i t ,  atomic mass e t c .  i t  i s  reason able  to  assume th a t  t h e s e  concepts  
would r e f l e c t  a s t a b le  c o g n i t iv e  s tr u c tu r e  i f  they had been used  
as s t im u l i  in  the  word a s s o c ia t io n  t e s t s .  Th is i s  r e f l e c t e d  in the  
high f a c i l i t y  va lu e  o f  0 .807  fo r  item No. 1. The t e s t  item s can 
be d iv id ed  in to  th e  fo l lo w in g  c a te g o r ie s  l i s t e d  in Table 5 . 6 .
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TABLE 5 .6
A. T e s t in g  Atomic S tru ctu re
Item Numbers F a c i l i t y  Values (Corrected)
(See 5 .4 )
1 0 .81
2 0 .7 2
3 0 .69
4 0 .5 7
5 0 .5 7
7 0 .3 3
9 0 .1 3
B. T e s t in g  E quations, formula w eights  and the mole
Item Numbers F a c i l i t y  Values (Corrected)
8 0 .2 3
10 0 .3 8
11 0 .5 2
12 0 .2 2
13 0 .4 0
14 0 .3 0
C. T e s t in g  Carbon Chemistry and bonding
Item Numbers F a c i l i t y  Values (Corrected)
6 0 .5 9
15 0 .1 2
16 0 .2 8
17 0 .4 8
18 - 0 .0 4
19 0 .1 4
20 0 .3 7
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The seven s t im u li  in WAT 1 on Atomic Theory are f irm ly  l inked  
in th e  c o g n i t iv e  s tr u c tu r e  mapped in 4 .1  and consequently  high  
f a c i l i t y  v a lu e s  are expected from the q u est ion s  l i s t e d  in 
Category A* Q uestions No. 7 and 9 show lower f a c i l i t y  va lu es  
than expected  -  t h i s  may be due to  the  fa c t  th a t  s in c e  Ion ic
bonding had not been s tu d ied  by th e  p u p ils '  concepts such as ions
which would be mentioned in the study o f  Atomic Theory may not  
have been r e in fo r c e d .  C e r ta in ly  in the  case  o f  item No. 7 
th e r e  i s  confusion  between the  type o f  charge on a f lu o r id e  ion  
and th e  charge on a sodium io n .  Question No. 9 has a lready  been 
d is c u s s e d  in  r e la t io n  t o  performance o f  "poor" p u p ils  (See 5 .5 .2 )
In the  case  o f  Category B q u est ion s  th e  concepts t e s t e d  were 
weakly in te r c o n n e c te d  in c o g n i t iv e  s tr u c tu r e  mapped in Figure 4 .1  
and co n seq u en tly  low f a c i l i t y  va lu es  are expected . T his  was 
found t o  be the  case  ( se e  Table 5 . 6 ) .  The higher va lue  in
Q uestion 11 may r e f l e c t  a f a c i l i t y  w ith Arithm etic  rather  than a
firm grasp o f  the  mole concept which p u p ils  c l e a r ly  do not have 
a t  t h i s  s ta g e  (See 4 . 1 ) .
Category C q u e s t io n s  would a l s o  be expected to  have low 
f a c i l i t y  v a lu e s  based on the  c o g n i t iv e  s tr u c tu r e  as mapped in 
Figure 4 . 1 .  T h is  was again found to  be tru e  with q u e s t io n s  6 ,
17, and 20 showing h igher va lu es  than the other q u e s t io n s  in t h i s  
c a te g o r y .  The ch o ice  o f  carbon d io x id e  as th e  co r re c t  response  
in  t h i s  item i s  t o  be expected as carbon d io x id e  was used as a 
resp onse  403 tim es in WAT 1 and WAT 2 from which we can in f e r  a 
f a m i l i a r i t y  w ith  th e  compound. Question 17 may have a h igher  
f a c i l i t y  va lue  because the  equation i s  a t y p ic a l  example o f  
crack ing  which would be used fre q u en tly  by tea ch ers  to  i l l u s t r a t e  
the  p o i n t .  The confusion  over s u b s t i t u t io n  and a d d it io n  (which
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emerged as i s o la t e d  c lu s t e r s  in Figure 4 .1  and 4 .2 )  i s  seen in the  
resp on ses  to  item 16 ( s e e  Table 5 .2 )  again being further  ev idence  
o f  th e  l in k  between performance in a word a s s o c ia t io n  t e s t  and 
performance in an achievement t e s t .  Question 18 shows a n e g a t iv e  
c o r r e c te d  f a c i l i t y  va lue  and t h i s  r e f l e c t s  the  very weak 
in te r c o n n e c te d n ess  o f  the  stim ulus ISOMER ( s e e  Figure 4 .1  and 4 .2 )  
as shown in  the  c o g n i t iv e  s tr u c tu r e  which was mapped. Question 20 
has a lread y  been d iscu sse d  in 5 . 5 . 3 .  The l in k  between f a c i l i t y  
v a lu e s  and c o g n i t iv e  s tr u c tu r e  i s  summarised in Figure 5 .3  where 
exp ected  and actua l f a c i l i t y  va lu e s  are superimposed on the  
c o g n i t i v e  s tr u c tu r e  o f  ’’good" p u p ils  (See Figure 4 . 1 ) .
An item  by item a n a ly s is  o f  the  t e s t  qu est ion s  then supports  
th e  p o s i t i v e  c o r r e la t io n s  reported  in Tables  5 .3  and 5 .4  and len ds  
support to  the  c o n c lu s io n s  th a t  have been drawn in t h i s  Chapter. 
One can fu r th er  a r g u e ,th a t  s in c e  th e  q u est io n s  were not o r i g i n a l l y  
s p e c i f i c a l l y  hand-picked to  produce r e s u l t s  th a t  would r e f l e c t  
what th e  research  worker was t r y in g  t o  p r o v e ,th a t  the  r e s u l t s  are  
in  f a c t  a l l  the  more con v in c in g .
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CHAPTER 6
CONCLUSION S AND RECOMMENDATION S
6 .1  The two p r o p o s i t io n s  ( s e e  2 .7 )  on which the  research  was 
based have been shown to  be tru e  by the  r e s u l t s  o f  th e  e x e r c i s e :
(1) C o g n it iv e  s tr u c tu r e  was shown to  be s im ilar  to  conten t  
s tr u c tu r e  o f  a t h e o r e t i c a l  model (Chapter 3 ) .  However 
i t  would seem th a t  p u p i l s  p la c e  more emphasis on th e  
"m icrostructure" o f  the  atom ( s e e  6 . 2 ) .
(2) C o g n it iv e  s tr u c tu r e  as r e f l e c t e d  by a s s o c ia t io n s  in a word
a s s o c ia t io n  appears t o  c o r r e la te  p o s i t i v e l y  w ith  performance
in an achievement t e s t .
6 .2  The research  would seem t o  support Ausubel's  view o f  th e  
e f f e c t  o f  e x i s t in g  c o g n i t iv e  s tr u c tu r e  on new meaningful lea r n in g  
and r e t e n t io n .  The c o g n i t iv e  s tr u c tu r e  o f  Atomic Theory as mapped 
in  Chapter 3 showed th a t  p u p ils  r e la t e d  th e  m icrostructure  o f  th e  
atom ( i . e .  th e  sub-atom ic p a r t i c l e s )  more c lo s e l y  than the  
m acrostru cture  ( i . e .  MATTER and ELEMENTS). Moving up through
th e  s y l la b u s * 0 shows a c o g n i t iv e  s tr u c tu r e  which i d e n t i f i e s  
se p a r a te  in organ ic  and organic  c lu s t e r s  ( s e e  Chapter 4 ) .  The l in k  
between th e  c lu s t e r s  i s  through ELEMENTS (See Figure 4 . 1 ) .
The seven s t im u li  which were used in the word a s s o c ia t io n
t e s t  on Atomic S tru c tu re  did not emerge to  a great  degree as
resp on ses  in Word A sso c ia t io n  t e s t  2 and i f  one a ccep ts  th a t  
resp on ses  in a word a s s o c ia t io n  t e s t  can be used t o  map c o g n i t iv e  
s tr u c tu r e  then one could sp e c u la te  as fo l lo w s :
The c o g n i t iv e  s tr u c tu r e  o f  sy l la b u s  S e c t io n s  8 ,  9 and 10 
(Chemical Combination, Fuels  and R elated  Substances, and 
Carbohydrates -  see  Appendix 4 .4 )  as mapped in Figure 4 .1  i s  q u ite
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a long way from th e  ideal"  s tr u c tu r e  which would be found in the  
minds o f  th o se  who conceived  the  S c o t t i s h  Chemistry S y llab u s  in  
th a t  th ey  would probably g iv e  Atomic Theory and the seven s t im u li  
o f  WAT 1 a more c e n tr a l  and u n ify in g  r o l e .  While i t  i s  mere 
s p e c u la t io n  t o  attempt to  q u an tify  th e  s tru c tu re  in the minds o f  
th o se  who wrote th e  s y l la b u s  th e  emphasis as propounded in teach er  
t r a in in g  -  in s c h o o ls  -  in tex tb ook s e t c .  i s  on the  urgency o f  
le a r n in g  Atomic Theory immediately one embarks on a Chemistry 
c o u r se .  T h is  i s  l o g i c a l  and n ecessary  when chemistry i s  being  
s tu d ied  a t  an advanced l e v e l  but th e  r e s u l t s  o f  t h i s  research  
e x e r c i s e  prompt one to  r a i s e  th e  q u est ion :  "Is the  teach in g  o f  
Atomic Theory in such d e t a i l  as i s  required by th e  S c o t t i s h  Chemistry  
S y l l a b u s ^  j u s t i f i a b l e  and n ecessary  a t  such an ea r ly  s ta g e  in a 
p u p i l ’ s chem istry  course"? I t  would be h e lp fu l  for the  n o n -S c o t t i s h  
reader i f  I were to  in c lu d e  a b r i e f  o u t l in e  o f  the  tim ing o f  
Chemistry co u rses  in S c o t t i s h  Secondary sch o o ls  at  t h i s  p o in t  so th a t  
th e  im p l ic a t io n s  o f  my argument may be b e t te r  understood.
TABLE 6 .1
Secondary School Age (Approx) S c ien ce  Subject
Year 1 12 yxs + In tegrated  S c ien ce  
( a l l  p u p i ls )
Year 2 13 yrs + In tegrated  S c ien ce  
( a l l  p u p i ls )
Year 3 14 yrs  + Option t o  study Chem istry, 
P h y s ic s ,  B io lo g y  i f  s u i te d  
to  C e r t i f i c a t e  course
Year 4 15 yrs  + Leading t o  O-grade in  
s u b j e c t ( s )  chosen
Year 5 16 yrs  + Leading t o  Higher grade in  
s u b j e c t ( s )  chosen
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P u p ils  in most S c o t t i s h  Secondary schools  fo llow  a course in 
In teg ra ted  S c ien ce  for th e  f i r s t  two years of Secondary school (age  
approxim ately  12-14 y e a r s ) .  They may then opt to  study P h y s ic s ,  
Chemistry and B io logy  as separate  d i s c i p l in e s  (though only  a small 
number study a l l  th r ee  s u b je c ts )  i f  they are judged t o  be p u p i l s  who 
would b e n e f i t  from c e r t i f i c a t e  courses  in those  s u b je c t s .  Those  
stu dyin g  Chemistry are taught Section  7 o f  the S c o t t i s h  Chemistry  
S y lla b u s  ( s e e  Appendix 2 .6 )  in th e  f i r s t  weeks o f  t h e ir  formal 
in tr o d u c t io n  to  Chemistry as a separate  d i s c i p l i n e .  The number o f  
t im es  th e  o r ig in a l  seven s t im u l i  o f  WAT 1 were e l i c i t e d  as responses  
to  the  f i f t e e n  s t im u l i  in WAT 2 are l i s t e d  in Table 6 .2 .
TABLE 6 .2
Response Frequency
ELEMENTS 439
ATOMS 419
ELECTRONS 362
PROTONS 64
NEUTRONS 27
MATTER 9
NUCLEUS 9
The 244 p u p ils  t e s t e d  had 18 ,300  o p p o r tu n it ie s  t o  produce one 
o f  th e  above (Table 6 .2 )  as a response and s in ce  a p a r t ic u la r  word 
could be used as a response  only once to  a given stim ulu s  th e  maximum 
frequency for  each response  would be 3,660* While the  low freq u en c ie s  
in Table 6 .2  are by no means c o n c lu s iv e  ev idence th at  th e  c o g n i t iv e  
s tr u c tu r e  which p u p i l s  acquire  in t h e ir  f i r s t  few weeks at Chemistry
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i s  not p a r t i c u l a r ly  u s e fu l  for a s s im i la t in g  the chemistry o f  the  
succeed ing  th r e e  s e c t io n s  ( se e  Appendix 4 .4 )  i t  seems t o  h in t  th a t  
a l l  i s  no t  w e l l  w ith  th e  s tr u c tu r e  o f  the s y l la b u s .  C le a r ly  t h i s  
q u est ion  o f  s tr u c tu r e  w ith in  th e  S c o t t i s h  Chemistry S y llab u s  
(not j u s t  th e  four s e c t io n s  covered in t h i s  research e x e r c i s e )  i s  
an area which should be researched in depth in the  near fu tu re .
6 .3  S i g n i f i c a n t  d i f f e r e n c e s  were noted between the emerginq c o g n i t iv e  
s tr u c tu r e  o f  "good” and "poor" p u p ils  (Figures 3 .7 ,  3 .8 ,  4 .1  and 4 .2 )  
and the  importance o f  th e se  d i f f e r e n c e s  for  teach ing and lea r n in g  must 
be n o ted .  When t h i s  inform ation i s  added to  the  fa c t  th a t  a p o s i t i v e  
c o r r e la t io n  ( s i g n i f i c a n t  a t  0 .0005  l e v e l )  was found between 
performance in  word a s s o c ia t io n  t e s t s  and performance in an achievement  
t e s t  then i t  becomes ev id en t th a t  for  e f f e c t i v e  curriculum planning  
fo llow ed  by e f f e c t i v e  teach in g  and learn ing  i t  i s  e s s e n t i a l  th a t  the  
f o l lo w in g  p o in t s  are noted .
(a) The te a c h e r  should ev a lu a te  the e x i s t in g  c o g n i t iv e  s tr u c tu r e  o f  
th e  p u p il  p r io r  t o  in s t r u c t io n .
(b) The te a c h e r  should synchronize the  in s tr u c t io n  t o  th e  e x i s t in g  
c o g n i t iv e  s tr u c tu r e  o f  the  p u p i l .
(c )  P r e - s e r v ic e  and I n - s e r v ic e  t r a in in g  o f  teach ers  should in v o lv e  
awareness and g r e a te r  understanding o f  P iagetian  and Ausubelian  
t h e o r i e s .
As a consequence o f  (a) and (b) i t  fo l lo w s  th a t  tea c h e r s  should  
know how t o  map c o g n i t iv e  s tr u c tu r e  (Word A ssoc ia t ion  t e s t s ,  t r e e
49\c o n s tr u c t io n  t e s t s  e t c . ,  and exams such as C ogn it ive  S tru c tu re  exam J*
6 .4  Word a s s o c ia t io n  t e s t s  would seem to  be u se fu l  d ia g n o s t i c  t e s t s .  
The performance in a word a s s o c ia t io n  t e s t  i s  scored on th e  b a s i s  o f  
normative data or by i n t u i t i o n .  The raw data for an in d iv id u a l  can 
g iv e  a p o in te r  to  th e  e x i s t in g  c o g n i t iv e  s tr u c tu r e  o f  th e  p up il  though
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for reason s  s ta t e d  above (2 .6 )  care must be taken in the  in te r p r e ta t io n  
o f  r e s u l t s .  The accumulation o f  normative data for word a s s o c ia t io n  
t e s t s  in  Chem istry w i l l  be very important i f  word a s s o c ia t io n  t e s t s  
are t o  prove t o  be u s e fu l  d ia g n o s t ic  t o o l s  for assessm ent. C le a r ly  
t h i s  i s  an area for  fu rth er  research  on a larger  s c a le  than reported  
in t h i s  e x e r c i s e .  I t  i s  encouraging to  note a p o s i t i v e  c o r r e la t io n  
between performance in Word A sso c ia t io n  T ests  and performance in 
an achievem ent t e s t  and i t  would be u se fu l  to  i n v e s t ig a t e  what 
f a c t o r s  cause  t h e s e  performances to  produce p o s i t i v e  c o r r e l a t i o n s .
A d e t a i l e d  f a c to r  a n a ly s i s  would c o n s t i t u te  f r u i t f u l  research  in t h i s  
a rea .
6 .5  The research  undertaken in t h i s  report i s  a l s o  concerned with  
language and vocabulary and the  c e n tr a l  r o le  o f  language in th e  
lea r n in g  p r o c e s s .  The ev idence c i t e d  in Chapters 4 and 5 concerning  
th e  s t im u lu s  ALKANES i s  y e t  another reminder th a t  the  teach er  must 
pay p a r t ic u la r  a t t e n t io n  to  the  part language p lays  in l e a r n in g .  The 
r o le  o f  a s s o c ia t io n  between l i k e  sounding words or even s y l l a b l e s  in  
words must not  be underestim ated .
6 .6  Chapter 1 o f  t h i s  t h e s i s  opened with a quotation which proved
an i n s p ir a t io n  to  th e  researcher  and which was supported by th e  r e s u l t s  
o f  th e  r e se a r c h .  T h is  research report only scra tch es  a t  th e  su rface  o f  
th e  problem o f  s tr u c tu r e  or the  lack o f  i t  in the  S c o t t i s h  Chemistry  
S y lla b u s  and in th e  l i g h t  o f  the  r e s u l t s  o f  t h i s  e x e r c i s e  fu r th e r  work 
i s  needed as has been in d ic a te d  above. I would l ik e  to  end t h i s  report  
by u s in g  th e  same q u ota t ion  with  my own " g r a f f i t i"  a t tach ed :
" I f  we had to  reduce a l l  o f  educational psychology t o  ju s t  
one p r i n c i p l e ,  we would say t h i s :  The most important 
s i n g l e  fa c to r  in f lu e n c in g  learn ing  i s  what th e  lea rn er  
a lread y  knows. A scerta in  t h i s  and teach  him acco rd in g ly  ."
-  having f i r s t  structured  th e  course o f  in s tr u c t io n  to  
s u i t  th e  e x i s t in g  c o g n i t iv e  s tr u c tu r e  o f  th e  p u p i l .
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A P P E N D I X  2. 1
PRETEST 
Page 1
When you hear or see  a word, i t  o ften  makes you th ink  
o f  o th er  words. We want to  f ind  out what other words are brought 
to  mind by some words used in  S c ien ce .  On each page you w i l l  
f ind  th e  same word w r it te n  many t im e s .  Say the  word to  y o u r s e l f ,  
and then w r i t e  down th e  f i r s t  word i t  makes you think o f  next t o  
Number 1 . Then say th e  same word again and w r ite  down th e  
next word you th in k  o f  next t o  Number 2 . Continue in  t h i s  way 
always sa y in g  t o  y o u r s e l f  th e  same word (which i s  pr in ted  on th e  
page) u n t i l  you are  t o ld  to  turn t o  the  next page. There are no 
r ig h t  answers and do not worry about s p e l l in g  m istakes -  j u s t  
w r ite  as q u ic k ly  as p o s s ib le .
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EXAMPLE 
Page 2
EAGLE
EAGLE
1. Bird
EAGLE 2 . Fly
EAGLE 3 . Nest
EAGLE 4 . Claw
EAGLE 5 . Feathers
EAGLE 6 . Beak
EAGLE 7 . Bald
EAGLE 8 . Prey
EAGLE 9 . Falcon
EAGLE 10. P resident
EAGLE 11.
EAGLE 12.
There i s  no l i m i t  t o  th e  number o f  r e sp o n ses .  Do not repeat  
r e sp o n s e s .
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Page 3
PROTONS
PROTONS 1.
PROTONS 2 .
PROTONS 3 .
PROTONS 4 .
PROTONS 5 .
PROTONS 6 .
PROTONS 7 .
PROTONS 8 .
PROTONS 9 .
PROTONS 10•
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Page 4
ELEMENTS
ELEMENTS 1 .
ELEMENTS 2 .
ELEMENTS 3 .
ELEMENTS 4 .
ELEMENTS 5 .
ELEMENTS 6 .
ELEMENTS 7 .
ELEMENTS 8 .
ELEMENTS ' 9 .
ELEMENTS 10.
Page 5
ELECTRONS
ELECTRONS 1.
ELECTRONS 2 .
ELECTRONS 3 .
ELECTRONS 4 .
ELECTRONS 5 .
ELECTRONS 6 .
ELECTRONS 7 .
ELECTRONS 8 .
ELECTRONS 9 .
ELECTRONS 10 .
Page 6
MATTER
MATTER 1 .
MATTER 2 .
MATTER 3 .
MATTER 4 .
MATTER 5 .
MATTER 6 .
MATTER 7 .
MATTER 8 .
MATTER 9 .
MATTER 10.
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Page 7
NEUTRONS
NEUTRONS
NEUTRONS
NEUTRONS
NEUTRONS
NEUTRONS
NEUTRONS
NEUTRONS
NEUTRONS
NEUTRONS
NEUTRONS
1.
2 .
3 .
4 .
5 .
6 .
7 .
8 .
9 .
10.
Page 8
NUCLEUS
NUCLEUS 1 .
NUCLEUS 2 .
NUCLEUS 3 .
NUCLEUS 4 .
NUCLEUS 5 .
NUCLEUS 6 .
NUCLEUS 7 .
NUCLEUS 8 .
NUCLEUS 9 .
NUCLEUS 10.
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Page 9
ATOMS
ATOMS 1 .
ATOMS 2 .
ATOMS 3 .
ATOMS 4 .
ATOMS 5 .
ATOMS « 6 .
ATOMS 7 .
ATOMS 8 .
ATOMS 9 .
ATOMS 10.
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A P P E N D I X  2 . 2
TABLE 1
Response F req u en c ies  in P r e te s t
KEY: 1* = NUCLEUS 2* = PROTONS 3*= ELEMENTS 4 = ELECTRONS
5' = MATTER 6' = NEUTRONS l '  = ATOMS
RESPONSES
STIMULUS WORDS
1' 2* 3 j 4* 5 ' 6* 7 1
1' NUCLEUS 3 3 1 3 8
2' PROTONS 1 1 8 6 9
3' ELEMENTS ! 1 3 1 2 3 7
4' ELECTRONS 1 8 1 1 3 10
5' MATTER 1 1 12
6' NEUTRONS 2 8 7 1 12
7' ATOMS 2 5 3 7 10 6 1
8 Space guns 1
9 Vitam ins 2
10 Water 4 4 3
11 Rain 2 1
12 Bulb 2 5 5 1
13 Snow 1
14 L ight 1 1 5 8 2
15 F ir e 1 5 1 1
16 E l e c t r i c a l  F ir e 1 3
17 P u ls e s 1
18 B le e p s 1
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/' l ' 3 ' 4 ' 5 ' i ' 7 #
19 P h y s ic s 1 12 2
20 E l e c t r i c i t y 13 10 50 8 1
121 S iz e 3
22 Shape 9
23 Earth 2 5 5 1 2
24 Wood 5
25 Metal 6 3 2
26 P e n c i l 2 1
27 Book 2
28 Chair 3 1
29 Tap 1 1
30 G lass 1
31 B la s t e r 3
32 C lin gon s 1
33 S c ie n c e  F ic t io n 1 4
34 USS E n te r p r is e 1
35 USSR 1
36 NASA 2
37 R a d io a c t iv i t y 1
38 Eggs 10 2 1
39 Dr. Who 6 1
40 B io lo g y 6
41 People 1 1
42 Bomb 7 2 1 1 10 33
43 Hiroshima 1 6
44 Skin d i s e a s e 1
45 E xp los ion 1 2 4
46 D if fu s io n 2
47 Chemistry 4 9 2 2 1 9
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1* 2* 3 ' 4 ' 5 ' C' 7'
48 Atomic 5 1 1 1 7
49 R adiation 2 3
50 W indscale 1
51 Hot 1 1
52 P o ta to e s 1
53 Fuse 1 1 5 1 1
54 Gases 5 1 33 12
55 Chemicals 2 4 2 1
56 L ecture 1
57 Plug 8 6 2
58 K e t t le 1 8 1
59 Cooker 1 3 1
60 Washing Machine 1
61 S c ie n c e 4 5 12 10 3 6 5
62 Q uestion 1
63 Something 2
64 Leave 1
65 Death 2 2 1 6
66 Take 1
67 E x p lo s iv e 2
68 N eutra l 1 14
69 Atom Bomb 2 2
70 Home Economics 1 2
71 N uclear 13 1 4 4
72 Part o f  an egg 1
73 War 2 1 2
74 S t a r t 1
75 Centre 11
/' 2 ' 3 ' V 5*' r
76 Middle 6
77 M olecule 3 4 2 10 7 4 26
78 P a r t i c l e 1 4 8 7 16 3 25
79 Small Thing 1 2
80 Liquid 1 2 33 13
81 S o l id 1 1 2 40 15
82 Pressure 2 1
83 P r o te in 9
84 Machine 2
85 Robots 3 4
86 Things 1 4 1
87 Power 5 1 2 10 2 2
88 Amp 8
89 V o lt s 11
90 Wire 4 15 4
91 F rankenste in 2 2
92 L igh tn in g 1
93 Air 1 5 5
94 Watts 4
95 Brain 6 1 2 2
96 Guts 1
97 Substance 1 1 1 4 1
98 J e l l y 3 1
99 Minus 1
100 Gears 1
I l l
I' JL' 3 ' V' 3 ' c 7 '
101 Space Invaders 1
102 N u tr ie n ts 1 4
103 Newton 1 1 6
104 Newts 6
105 G uise 1
106 Laser 2
107 C e l l 23 2 1 1 1 1
108 Cytoplasm 3
109 Protoplasm 1
110 World War 3 1
111 Russia 2
112 Warhead 2
113 Arms race 1
114 T o a ster 1
115 B a t t e r i e s 3 12 4 1
116 Magnets 2 1
117 Energy 1 3 4 5
118 R o l l -o n s 1
119 High p i t 1
120 D e s tr u c t io n 1 1
121 Hair 1
122 Danger 1
123 Eye 3 1
124 F a l l  out 1
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l ' Z ' 3 ' V S ' 6 ' 7 '  ,
125 D e v a s ta t io n 2
126 Growth 1 1
127 O bject 3 1 1
128 Hold 1
129 S t ic k 1
130 Together 1
131 Running 1
132 Moving • 1 3 1 3
133 Waves 1
134 P o s i t i v e 5
135 T ab le 1 1 3 1 3 4
136 Working 1 1 2 1
137 F ast 2 2 1
138 Bran 1
139 Mass 5 2 2
140 Weight 1 1
141 K-9 1
142 B a l lo o n s 1 1
143 Memory 1
144 Core 2 2
145 Packed 1
146 Carit s p l i t 1
147 S p l i t 2
148 Gold 1 7
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/ ' z ' 3 ' V S'' V
149 S i lv e r 9
150 Lead 2
151 Helium 4
152 Hydrogen 8
153 Oxygen
154 Japan
10 1
1
155 Japanese 2
156 P a c i f i c  Ocean 1
157 America 2
158 Mexico 1
159 Food 1 1 3 2
160 Weather 5
161 C ir c u i t 4
162 T.V. 4 1 •
163 C r y s t a ls 1
164 E l e c t r i c a l  c u r r en ts 5 2
165 B lack d o ts 1
166 M icroscope 3 4
167 Heart 4
168 Mushrooms 1
169 Iron 1 6
170 Carbon D iox ide 1
171 Nuts 1
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/ ' 2.' 3* V 5 ' 6 f 7 #
172 See 2
173 Submarine 1
174 Speck
175 Tea pot 1
3
176 Tea cosy 1
177 Tea cup 1
178 Tea bag 1
179 Cake 1
180 B i s c u i t s 1
181 Rods 1
182 A r ie l 1
183 Tape recorder 1
184 Radio 1
185 Sauce
186 Spoon
1
1
187 Fork 1
188 P la te 1
189 Tin 1 1 1 1
190 Bag
191 S to o l
1
2
192 P l a s t i c 1
193 T ard is 1
194 S ca r f 1
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/ ' Z ' 3 ' S ' 6 ' 7 '
195 Space 1 1 1 1
196 P la n e t
197 Monster
1
1 1
198 Box 1
199 S c ie n c e  tea c h e r 1
200 Ground 1 1
201 Star  Trek 1 1
202 Leprechauns 1
203 Pond l i f e 1
204 Muscle 1
205 Legs 1
206 Mrs. White 1
207 F ig h t in g 1
208 Bomb s h e l t e r s 1
209 Cleaner 2
210 Perfume 1
211 Q uickly 1
212 P l a s t i c  beakers 1
213 Cupboard 1
214 House 1
215 Watson 1 3
216 Sound 1
217 I c e 1
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1 * z ' 3 '
I
4 5* 7 '
213 Guns 1
219 F ish 1 1 2
220 Shoes 1
221 F ir e  e x t in g u is h e r 1
222 Davros 1
223 Clock 1
224 F i f t y 1
225 Sweets 1
226 Blood 1
227 Heat 1 1 4 1 1
228 N o ise 1
229 Shock 1 5
230 Hands 1
231 Pens 1 1
232 E veryth ing 1 2 3
233 Mad 1
234 P r o fe s s o r 1
235 C a s t le 1
236 C r e a t iv e 1
237 B u ild in g 1
233 : (relatiVi 1
239 Dye 1
240 T e s t  tu b es 1 1
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2 ' 3 ' V 5 ' C V
241 S ick 1
242 P o ta to  & Leek 1
243 S tar  Wars 1
244 Amoeba 1
245 Organisms 1
246 Germ 2
247 One 1 1 1
248 Nagasaki 1
249 P lanes 1
250 V ib ra t in g 5 1
251 E l e c t r i c a l  A ppliance 1
252 Boot 1
253 Desk 2 1
254 Wall 2 1
255 Carpet 1
256 Bag 1
257 A lien 1
258 Dalek 1
259 M ixture 1 7 1 2 2
260 Compounds 1 5 1 1
261 Time 2
262 Force 2 1
263 D i g i t a l s 1
- .........  ■ 1
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r 2 ' 3 1 u! S ' 4 ' "7 1
264 Complex 1
265 Person 1
266 Colour i
267 Phaser 1
268 Body 3
269 Sun 1 1
270 T im etab le 1
271 Three 1
272 Mr. Stark 1
273 Maths 2 2
274 S e a ts 1
275 Space sh ip 1
276 Mr. S tark*s  head
277 Mrs. Cryton
1
1
278 Acid 3
279 Learning 1
280 Women 1
281 Legs 1
282 Marbles 1
283 Music 1
284 Man 1 1
285 Freedom 1
286 Rubber 1
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r 3 ' V 5 ' i ' 7 1
287 P arts 6 1 2
288 B rick 1
289 R e p t i le 1
290 Anything 1
291 C orn f lak es i
292 Membrane 2
293 P lan t 1
294 A g g r e ss iv e 1
295 Wrong
296 Dangerous 1
1
3 1
297 C h ild 1
298 Atomic Power 1
299 N uclear  Power 1
300 M ater ia l 1 1 2
301 Simple 1 5
302 Powder 2
303 S t a t e 2
304 Temperature 1 1
305 P ie c e s 2 1
306 S ev era l 1
307 Com position 1
308 Machine 1
309 Small 1 1 4 2 10
310 Bulk 1
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r 2 ' 3 ' V 5  1 “7'
311 B eginn ing
312 T r a v e l l in g
i
2
313 S e t s 1
314 C ir c u i t  Boards 1
315 Microbe 2 1 1
316 Micro 1 1 l
317 Number 1
318 Amount 1 1
319 Connection 1
320 Meter 1
321 C lo s e n e ss 1
322 Skin 1
323 D e n s i ty 1 1 1
324 Dense 1
325 Gunge i
326 Wet
327 P o ta to e s
i
1
*
328 C la s s 1
329 D isc o v er 1 1 1
330 Mix 1
331 Rooks 1
332 Adding 1
333 Burning 1
334 B r i t i s h  R a il 1
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1* 2 ' 3* V 5 ' fe' -7 '
335 L ive 1 1 2 2 1
336 Dung 1
337 A l k a l i s 1
338 pH Paper 1
339 Speed 1
340 Future 1
341 U s e fu l 1 1 2
342 Weed 1
343 Minute 1 1 1
344 Symbol 2
345 Sulphur 5
346 Carbon 5
347 Plutonium 1
348 Mercury 1
349 Aluminium 1
350 F r ic t io n 1
351 C e l l  w a l l 2
352 F lu id 1
353 Wares 1 1
354 D ischarge 1
355 Various 1 1
356 Animal 1 1
357 Mineral 1
122
r 2 ' 3 ' V 5 1 6 ' 7 '
358 V ege tab le 1
359 Charge 2 l
360 Powerful 1 2 3
361 L i s t 1
362 Key 1
363 S t e e l 1
364 Paper 1
365 Ink 1
366 C lo th 1
367 Sand 1
368 B a c te r ia 2
369 Black 1
370 D i f f e r e n t 1
371 Hundreds 1 1
372 Firm 1
373 R eaction 1 1
374 B i t s 1 1 1
375 U n sta b le 1
376 A n ti-m a tter 1
377 S t a b le 1
378 N e u t r a l i s e 1
379 M artians 1
380 Radio 1
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/' 2 ' 3 ' V 5" 6 ' 7 '
381 C e l l  brain
382 D iv id e
1
1
383 M u lt ip ly 1
384 Experiment 1
385 Trouble 2
386 Eat 1
387 Flow 1 1
388 Walk 1
389 School 1 1
390 S u rfa ces 1
391 E st im ate 1
392 Sw itch 1
393 N u t r i t i o n a l 1 1
394 Van de Graaf g e n era to r 1
395 H ealth 1
396 Value 1
397 Plasma 1
398 Household item s 1
399 M icrochips 1
400 Exchange 1
401 Power s t a t i o n 1
402 Waste 1
403 Lab packs 1 1
124
I1 2* 3 ' V S ' 6>' 1  ‘
404 Motor 1
405 F la sh e s 1
406 Lamp 1
407 Shine 1
408 Foetus 1 1
409 A bortion 1
410 Pawn 1
411 Reactor 1
412 F ive 1
413 Sm ell 2
414 Elephant 2
415 F le a s 1
416 A ttack 1 1
417 Large 1
418 Prawns 1
419 Tons 1
420 R otate 1
421 Liniment 1
422 I n t e l l i g e n t 1
423 E lo c u t io n 1
424 E le c t io n 1
425 E le c t r o n i c s 1
426 Tram 1
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f  Z ' 3 ' S ' 6 ' -7'
427 L ecture 1
428 B a t te r 1
429 S c a t t e r 1
430 P a t te r 1
431 U-boat 1
432 U -turn 1
433 New 1 1
434 You 1
435 D ie t 1
436 Santa Claus 1
437 Knuckles 1
438 Clue 1
439 U lc e r 1
440 U n cle 1
441 Lose 1
442 Cats 1
443 Mum 1
444 Copper 2
445 H a il 1
446 Snow 1
447 Zinc 2
448 S l e e t 1
449 Wind 2
126
/’ I ' 3' u ' S' 6' 7'
450 T is s u e 1
451 Lithium 2
452 N ic k le 1
453 Magnesium 3
454 Movement 1 2 1
455 Glow 1
456 Lava 1
457 O il 1
458 P a r a f f in 1
459 T iny 3 2
460 E in s te in iu m 1
461 Boron 1
462 S c i e n t i f i c 1
463 N itrogen 1 1
464 Uranium 1
465 Conductor 2
466 Volume 2
467 Non m etal 1
468 Dalton 1
469 Baby 1
470 O rb it 1
471 C o n str u c t io n 1
472 Cobalt 1
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r 3' 5' 6 ' *7;
473 Phosphorus l
474 Platinum l
475 L i f e 1 1
476 Dark 1
477 Source 1
478 C on tro l 1
479 Barium l
480 Green 1
481 F ir e i 1
482 E n g in eer in g 1
483 S in g le 1 l
484 Base 1
485 Uniform l
486 B a s ic l
487 A f f a ir 1
488 Elementary 2
489 Bread 1
490 Mad h a t t e r 1
491 C ir c u la r 1
492 L atin 1
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A P P E N D I X  2 . 3
C a lc u la t io n  o f  G arskof and Houston (1963) r e la t e d n e s s
c o e f f i c i e n t s ^
T hese  c o e f f i c i e n t s  are a measure o f  th e  o v e r la p  o f  two
in d iv id u a l  con tin u ou s  word a s s o c i a t io n  h i e r a r c h i e s .  They were
used  in  t h i s  study as a prox im ity  in d e x .  A h a l f - m a tr ix  was
produced fo r  each p u p il  w ith  th e  parameter "pH in  th e  r e la t e d n e s s
c o e f f i c i e n t  ta k in g  a v a lu e  o f  1 . With t h i s  v a lu e  a w e ighted
c o e f f i c i e n t  was o b ta in ed  which g i v e s  g r e a te r  w eight t o  e a r l i e r
r e sp o n se s  than to  ones lower down th e  h ie r a r c h y .  The r e la t e d n e s s
c o e f f i c i e n t  i s  c a lc u la t e d  accord ing  t o  th e  fo l lo w in g  eq u a t io n :
R e la te d n ess  C o e f f i c i e n t  =  A.B_________
(A.B) -  [ ( ^ . . ( N - l ) ^ 2
where: _
A r e p r e s e n ts  th e  rank order o f  words in  A which are  
shared w ith  B and B th e  rank order o f  words in  B which  
are  shared w ith  A.
A.B r e p r e s e n t s  th e  rank order o f  words in  A m u l t ip l i e d  
by th e  rank order o f  words in  B.
N r e p r e s e n t s  a l l  th e  words in  t h e  longer  l i s t ( i n  t h i s  
c a se  6^  and MpM = 1 in  t h i s  s tu d y .
Thus in  t h i s  c a se  where N = 6 and A = 6 , 5 , 4 , 3 , 2 , 1  
B = 6 , 5 , 4 , 3 , 2 , 1  ( i f  f i v e  r e sp o n ses  were g iv en  in  each  
c a s e )  then th e  e x p r e ss io n  becomes:
R.C. =  ____________________ ^ _______________________
( 6 , 5 , 4 , 3 , 2 , 1 ) . ( 6 , 5 , 4 , 3 , 2 , 1 )  -  [ ( e 1- (6-1  )^ )2
= A.B 
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T h is  can be i l l u s t r a t e d  by an h y p o t h e t ic a l  exam ple.
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STIMULUS WORDS: NUCLEUS and PROTON
ASSOCIATES TO 
NUCLEUS
RANK ASSOCIATES TO 
PROTON
RANK
NUCLEUS 6 PROTON 6
ATOM 5 NEUTRON 5
PROTON 4 ELECTRON 4
NEUTRON 3 CHARGE 3
CENTRE 2 NUCLEUS 2
WEIGHT 1 ATOM 1
A = (n u c le u s ,  atom, p ro ton , n eu tro n , c e n t r e ,  w e igh t)
B = (p r o to n ,  n eu tron , e l e c t r o n ,  ch arge , n u c le u s ,  atom)
A = ( 6 , 5 , 4 , 3 , 2 , 1 )
B = ( 6 , 5 , 4 , 3 , 2 , 1 )
Words o v e r la p p in g  = NUCLEUS, ATOM, PROTON, NEUTRON.
A = ( 6 , 5 , 4 , 3 )  and 
B -  ( 2 , 1 , 6 , 5 )
R.C. * ( 6 , 5 , 4 , 3 ) • ( 2 , 1 , 6 , 5 )  _ q £22
( 6 , 5 , 4 , 3 , 2 , 1 ) * ( 6 , 5 , 4 , 3 , 2 , l ) —l
Thus 0 .6 2 2  i s  en tered  in  th e  a p p r o p r ia te  c e l l  in  t h e  h a l f - m a tr ix  
fo r  t h i s  p u p i l .  Twenty one e n t r i e s  are  recorded fo r  each p u p il  
t o  cover  a l l  th e  p o s s i b l e  o v e r la p s  between th e  seven a s s o c i a t i v e  
h i e r a r c h i e s .
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f\0
Procedure fo r  reducin g  s i m i l a r i t y  h a l f - m a tr ic e s
1 . In th e  f i r s t  s te p  on ly  th e  h ig h e s t  s i m i l a r i t i e s  are  in c lu d ed  
in th e  graph. T h is  i s  done by choosin g  a h igh c u t - o f f  p o in t
such t h a t  th e  graphic  d i s ta n c e  between th e  two most d i s t a n t
p o in t s  should be as g r e a t  as p o s s i b l e .
2 .  In th e  second s te p  th e  c u t - o f f  p o in t  i s  lowered in  order
t o  g e t  new c o n n e c t io n s  between new p o i n t s .  The second
c u t - o f f  p o in t  i s  chosen accord ing  to  th e  same c r i t e r i o n  
as t h e  f i r s t  one i . e .  i t  should  in c lu d e  new c o n n e c t io n s  
a t  th e  same t im e as p o s s i b l e  c h a in s  should be p r e s e r v e d .
3 .  The c u t - o f f  p o in t  i s  then lowered s u c c e s s i v e l y  u n t i l  no 
more m eaningful in form ation  i s  ob ta in ed  about th e  
s t r u c t u r e .
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R esponses which were “a c c e p ta b le ” in  P r e - t e s t  and in Word 
A s s o c ia t io n  t e s t  No. 1
Responses to  NUCLEUS 
P r o to n s ,  e le m e n ts ,  e l e c t r o n s ,  m a tter ,  n e u tr o n s ,  atoms, a lpha  
p a r t i c l e s ,  atom ic mass u n i t ,  atom ic number, atom ic , Chadwick, 
ch a rg e ,  fundamental p a r t i c l e s ,  G eiger  & Marsden, i s o t o p e s ,  
n e u t r a l ,  mass number, atom ic m a ss /w e ig h t ,  p a r t i c l e s ,  p lu s  one,  
p o s i t i v e ,  p o s i t i v e  charge , r a d ia t io n ,  r a d io a c t iv e ,  r e l a t i v e  
atom ic  m ass, R u therford , Thompson.
Responses t o  PROTON 
N u cle u s ,  e le m e n ts ,  e l e c t r o n s ,  m a tter ,  n e u tr o n s ,  atoms, a tom ic ,  
atom ic  mass u n i t ,  atomic number, ch arge , fundamental p a r t i c l e ,  
G eiger  & Marsden, n e g a t iv e ,  n e u t r a l ,  mass number, atom ic m ass /  
w e ig h t ,  p a r t i c l e s ,  p l u s ,  p lu s  one , p o s i t i v e ,  p o s i t i v e  ch arge ,  
r e l a t i v e  atom ic m ass, R utherford , Thompson.
Responses t o  ELEMENTS 
N u cle u s ,  p r o to n s ,  e l e c t r o n s ,  m a tter ,  n e u tr o n s ,  atoms, a lc h e m is t ,  
atom ic number, atom ic mass u n i t ,  a tom ic ,  boron, bromine, ca lc iu m ,  
carbon, c h l o r i n e ,  c o b a l t ,  compounds, copper, d ia to m ic ,  e l e c t r o n  
arrangem ent, e l e c t r o n  c lo u d s ,  e l e c t r o v a l e n t ,  energy l e v e l s ,  
f l u o r i n e ,  fundamental p a r t i c l e s ,  g a s e s ,  groups, h a l f - f i l l e d  c lo u d s ,  
h a l f - f i l l e d  o r b i t a l s ,  f r e e  e l e c t r o n s ,  f u l l  s h e l l ,  he l iu m , hydrogen,  
h a lo g e n s ,  i r o n ,  i s o t o p e s ,  n on -m eta ls ,  neon, n i c k e l ,  n i t r o g e n ,  
c a lc iu m , magnesium, mass number, atomic m a ss /w e ig h t ,  m ercury,  
m e t a l s ,  oxygen , p a r t i c l e s ,  p e r io d ic  t a b l e ,  p e r io d ,  phosphorus,  
r a d i o - a c t i v e ,  r e l a t i v e  atomic mass, s i l v e r ,  sodium, s o l i d s ,  
su lp h u r , symbol, t im ,  v a le n c y ,  z i n c ,  l i q u i d s .
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Responses l o  ELECTRONS 
N u cle u s ,  p r o to n s ,  e le m en ts ,  m a tter ,  n e u tr o n s ,  atoms, arrangement,  
atom ic number, bonds, charge , c lo u d s ,  c o n f ig u r a t io n ,  e l e c t r i c ,  
e l e c t r i c i t y ,  e le c tr o n  arrangement, n e g a t iv e ,  n e g a t iv e  ch arge ,  
o r b i t s ,  p e r io d ic  t a b l e ,  s h e l l ,  sh ar in g  e l e c t r o n s ,  Thompson, 
v a le n c y ,  f u l l  sh e lly  f r e e  e l e c t r o n s ,  e le c tr o n  c lo u d s ,  e l e c t r o v a l e n t ,  
energy l e v e l s ,  f i r s t  s h e l l ,  h a l f - f i l l e d  c lo u d s ,  h a l f - f i l l e d  
o r b i t a l s ,  i o n s ,  l e v e l .
Responses t o  MATTER 
N u cle u s ,  p r o to n s ,  e le m en ts ,  e l e c t r o n s ,  n e u tr o n s ,  atom s, copper, 
e le c t r o n  arrangement, e v e r y th in g ,  f l u o r i n e ,  fundamental p a r t i c l e s ,  
g a s e s ,  g o ld ,  h e lium , hydrogen, h a lo g e n s ,  i r o n ,  i s o t o p e s ,  n on -m eta ls ,  
l i q u i d s ,  neon, n i c k e l ,  n i t r o g e n ,  n o b le  g a s e s ,  n o n - l i v i n g ,  ca lc iu m ,  
magnesium, mass number, atom ic m a ss /w e ig h t ,  m a te r ia l ,  mercury, 
m e t a l s ,  m in e r a ls ,  compounds, m o le c u le s ,  o r g a n ic ,  in o r g a n ic ,  
oxygen , p a r t i c l e s ,  phosphorus, polymorph, r a d i o a c t i v e ,  r e l a t i v e  
atom ic m ass, rubber, s i l v e r , s o d iu m ,  s o l i d s ,  s u b s ta n c e ,  t i n ,  z in c ,  
c o b a l t ,  v a le n c y ,  volume, magnesium.
Responses t o  NEUTRCNS 
N u c le u s ,  p r o to n s ,  e le m en ts ,  e l e c t r o n s ,  m a tte r ,  atoms, a tom ic ,  
atom ic  mass u n i t ,  atomic number, Chadwick, c h a r g e le s s ,
G eiger  & Marsden, i s o t o p e s ,  n e u t r a l ,  no charge , n o n - e l e c t r i c a l ,  
n u c le a r  en ergy , mass number, atom ic m a ss /w e ig h t ,  p a r t i c l e s ,  
r a d i o a c t i v e ,  r e l a t i v e  atom ic m ass, R u therford .
Responses t o  ATOMS 
N u cle u s ,  p r o to n s ,  e le m en ts ,  e l e c t r o n s ,  m a tter ,  n e u tr o n s ,  a tom ic ,  
atom ic mass u n i t ,  atomic number, bonds, Chadwick, c h a r g e le s s ,  
compounds, d ia to m ic ,  e le c tr o n  arrangement, e le c tr o n  c lo u d s ,  
energy l e v e l s ,  f i r s t  s h e l l ,  f r e e  e l e c t r o n s ,  f u l l  s h e l l ,
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R esponses t o  ATOMS 
c t d .
fundamental p a r t i c l e s ,  G eiger  & Marsden, groups, l e v e l ,  
h a l f - f i l l e d  o r b i t a l s ,  h a l f - f i l l e d  c lo u d s ,  i o n s ,  n e u t r a l ,  
no ch arge , mass number, atomic m a ss /w e ig h t ,  m o le c u le s ,  o r b i t s ,  
o r b i t a l ,  p a r t i c l e s ,  p e r io d ic  t a b l e ,  p e r io d ,  r a d i o - a c t i v e ,  r e l a t i v e  
atom ic m ass, Thompson, v a le n c y ,  s o l i d s ,  l i q u i d s ,  g a s e s .
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A P P E N D I X  2 . 6
S c o t t i s h  C e r t i f i c a t e  o f  Education Examination Board Chemistry  
S y l la b u s .  S e c t io n  7
7 Atomic S tru c tu re
7 .1  Evidence fo r  atomic  
n a tu re  o f  m a tter .
7 . 2  Symbols for  e le m en ts .
7 . 3  C o n s t i tu e n t s  o f  atoms 
and t h e i r  arrangements  
in  th e  atom.
7 .4  Atomic Number.
7 . 5  Mass Numbers.
7 . 6  I s o t o p e s .
7 . 7  Atomic W eights.
Explanatory N otes
B r i e f  r e v i s i o n  o f  In teg r a te d  S c ie n c e .
The u se  o f  r e so u rc e  m a te r ia l s  i s  s tr o n g ly  
recommended.
A few o f  th e  most common symbols should  
be le a r n e d .
E vidence for  th e  e x i s t e n c e  o f  e l e c t r o n s  
may have been g iven  in P h y s ic s .
E vidence for  th e  n u c lear  m odel. (R u th erford ’ s 
s c a t t e r i n g  ex p e r im en ts .)
The number o f  protons  in th e  n u c le u s  and 
hence th e  number o f  e l e c t r o n s .  Arrangement 
o f  e l e c t r o n s .  I t  i s  s u f f i c i e n t  t o  r e l a t e  
t h i s  t o  p e r io d ic  t a b l e .  Key p o s i t i o n  o f  
n o b le  g a s e s .
B r i e f  o u t l i n e  o f  d e term in a tio n  o f  mass 
numbers by mass sp e c tr o m ete r .  From masses  
o f  atoms, number o f  neutrons  in  n u c leu s  
can be o b ta in e d .
The p o s s i b i l i t y  o f  e x i s t e n c e  o f  atoms o f  
th e  same atom ic number but d i f f e r e n t  mass 
numbers should  be p o in ted  o u t .
The idea  t h a t  th e  atomic w e ig h t  as o r d in a r i ly  
used I s  a mean v a lu e .
( C a lc u la t io n s  should not  be attem pted  by 
p u p i l s  a t  t h i s  s t a g e . )
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A P P E N D I X  2 .7  
Frequency T ab le  o f  A cceptab le  Responses -  P i e - t e s t  Group
KEY: l' = NUCLEUS 2 '=  PROTONS 3* = ELEMENTS a ' = ELECTRONS
5 '=  MATTER 6 = NEUTRONS 7 '=  ATOMS
STIMULUS WORDS Mark
P up il
Number
/
1 2 # 3 '
/
4 5 ' 6 ' 7 ' out  o f  35
1 0 0 0 0 0 0 1 0 .5
2 1 1 1 0 1 0 2 3 .0
3 1 0 0 1 3 1 1 3 .5
4 0 1 0 1 4 1 1 4 .0
5 0 1 1 1 1 4 0 4 .0
6 1 2 6 3 3 4 0 9 .5
7 0 0 0 1 5 0 2 4 .0
8 0 0 0 1 6 0 1 4 .0
9 0 0 0 0 0 0 1 0 .5
10 0 0 0 1 1 0 0 1 .0
11 0 0 0 2 6 0 0 4 .0
12 0 0 0 1 4 0 0 2 .5
13 0 0 1 2 0 0 5 4 .0
14 1 0 1 1 2 1 1 3 .5
15 0 0 0 0 0 0 1 0 .5
16 0 0 0 2 5 0 2 4 .5
17 0 0 0 0 0 1 0 0 .5
18 3 5 3 7 2 4 4 1 4 .0
19 0 0 7 1 4 0 2 7 .0
21 0 0 0 1 4 1 1 3 .5
22 0 0 0 1 0 1 1 1 .5
23 0 0 1 1 1 0 1 1 .5
24 0 0 2 1 3 1 1 4 .0
25 0 1 0 3 2 2 2 5 .0
26 0 2 3 2 3 1 1 6 .0
27 1 2 8 2 5 1 1 1 0 .0
28 0 0 7 2 1 0 2 6 .0
1 3 6
Pupil
Number
STIMULUS WORDS Mark 
out  
o f  351' 2' 3* 4* 5* 6' 7'
29 0 4 4 4 6 2 1 1 0 .5
30 0 1 1 1 0 ’ 0 3 3 .0
31 0 2 3 3 2 2 3 7 .5
32 0 0 3 4 2 1 2 6 .0
33 0 0 1 1 1 0 0 1 .5
34 0 0 5 2 3 0 3 6 .5
35 0 1 1 1 1 1 0 2 .5
36 4 4 1 5 2 4 5 12 .5
37 1 0 0 2 4 0 2 4 .5
38 0 0 0 1 4 0 0 2 .5
39 1 0 0 2 3 1 0 3 .5
40 0 0 0 1 3 0 1 2 .5
41 0 0 0 1 6 2 2 5 .5
42 1 0 0 1 3 1 4 5 .0
43 0 0 3 1 5 0 2 5 .5
44 0 1 0 2 6 2 0 5 .5
45 0 0 0 2 3 0 0 2 .5
46 1 0 1 1 3 1 2 4 .5
47 0 0 5 1 3 0 1 5 .0
48 1 0 1 1 3 0 1 3 .5
49 0 0 10 1 3 0 2 8 .0
50 1 0 8 2 3 0 4 9 .0
51 4 5 8 5 4 4 5 1 7 .5
52 0 0 0 3 1 0 3 3 .5
53 1 1 0 1 6 3 2 7 .0
55 0 0 9 1 4 0 2 8 .0
56 0 0 3 2 2 0 0 3 .5
57 0 1 5 1 4 1 1 6 .5
58 0 2 3 2 1 3 4 7 .5
59 0 2 4 3 1 0 5 7 .5
60 0 0 0 0 1 1 0 1 .0
61 0 0 0 1 2 1 2 3 .0
62 2 0 10 1 3 2 4 11 .0
63 1 0 2 1 3 0 2 4 .5
64 2 2 3 2 4 2 1 8 .0
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A P P E N D I X  3. 1
A t r e e  c o n s tr u c t io n  t e s t  was a l s o  i s s u e d  t o  p u p i l s  in  two 
o f  t h e  f i v e  sc h o o ls  t e s t e d .  T h is  i s  another method fo r  mapping 
c o g n i t i v e  s t r u c t u r e .  I t  w i l l ,  however, n o t  be repeated  in  t h i s  
stu dy  as  p u p i l s  f in d  i t  a d i f f i c u l t  t e s t  t o  do and w ith  more words 
than seven in v o lv e d  in  l a t e r  t e s t s  i t  was thought th a t  th e  p u p i l s  
would not cope w ith  i t .
TREE CONSTRUCTION TEST
An example o f  th e  t r e e  c o n s tr u c t io n  t e s t  i s  t o  be found in  
th e  n e x t  t h r e e  pages to g e th e r  w ith  d e t a i l s  as t o  how th e  
In ter c o n c e p t  S ep ara t ion  h a l f - m a t r i c e s  were prepared for  each p u p i l .
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TREE CONSTRUCTION TEST
Here i s  an example which w i l l  h e lp  you t o  understand whet i s  
re q u ired  o f  you in t h i s  t e s t .
I was g iven  th e  l i s t  o f  words shown below -
ST. MIRREN, ABERDEEN, STRACHAN, PREMIER LEAGUE,
COPLAND, SCOTLAND.
I d ec id ed  t o  connect them up as f o l l o w s  -
l z
ABERDEEN -------------- PREMIER LEAGUE   ST. MIRREN
3 |
STRACHAN COPLAND
SCOTLAND
When I  saw ABERDEEN I im m ediate ly  l in k ed  i t  w ith  PREMIER LEAGUE 
( s o  I marked t h a t  l in k  Number 1 ) .
ST. MIRREN i s  a l s o  in  th e  PREMIER LEAGUE (so  I marked t h a t  l in k  
Number 2 ) .
Looking back over th e  words STRACHAN o b v io u s ly  l in k ed  t o  ABERDEEN
( l i n k  3) and he p la y s  fo r  SCOTLAND ( l i n k  4 ) .
The l a s t  word was COPLAND and he p la y s  for  ST. MIRREN ( l i n k  5 ) .
T h is  i s  j u s t  one o f  th e  many ways in  which the  l i s t  cou ld  be con n ec ted .  
You might approach i t  q u i t e  d i f f e r e n t l y .  There are no e n t i r e l y  
r ig h t  or wrong answers -  we are  j u s t  i n t e r e s t e d  in  th e  way you 
connect  th e  words on th e  l i s t  on Page 3 .
On Page 3 you w i l l  f in d  a l i s t  o f  7 s c i e n t i f i c  words. Look 
c a r e f u l l y  through th e  l i s t  and p ic k  out two words which you th in k
are  more c l o s e l y  connected  than any o th er  p a i r .  Cross them from th e
l i s t  and w r i t e  them down on Page 3 .  Connect them w ith  a l i n e  and 
la b e l  i t  1.
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Look c a r e f u l l y  through th e  remaining 5 words and p ick  th e  word 
which you th in k  i s  most c l o s e l y  connected  t o  e i t h e r  o f  th e  two 
words a lread y  s e l e c t e d .  C ross i t  from th e  l i s t ,  w r i t e  i t  down, 
j o in  i t  t o  th e  word ( th a t  has a lrea d y  been s e l e c t e d )  w ith  which
i t  i s  c l o s e l y  connected  and la b e l  th e  l i n e  2 .
Then look c a r e f u l l y  through th e  remaining 4 words and p ick  th e  
word which i s  most c l o s e l y  connected  t o  any o f  th e  th r e e  words 
a lre a d y  s e l e c t e d .  C ross i t  from th e  l i s t ,  w r i te  i t  down, and
connect i t  t o  i t s  a lre a d y  s e l e c t e d  p artner  and la b e l  th e  l i n e  3 .
C ontinue in  t h i s  way always ch oos in g  th e  word from th e  l i s t  which  
i s  most c l o s e l y  connected  to  any o f  th e  words a lread y  s e l e c t e d ,  
u n t i l  a l l  words have been u se d .
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NUCLEUS, PROTONS, ELEMENTS, ELECTRONS, MATTER,
NEUTRONS, ATOMS
Use t h i s  space fo r  your answer: 
Suppose th e  answer was:
p ro to n s ----- '-----  SL&Lc^tro^s
l \
/C u to rv w  — —--------- 1U lc(j£u> o  — — ------ r \ e u ^ w t o
In te r c o n c e p t  S e p a r a t io n s  are worked out adding th e  numbers on th e  
l i n e  se p a r a t in g  any two con cep ts  (words) e . g .
MATTER 6+4+2+1_____________  ELECTRONS 13
PROTONS 2 NUCLEUS • 2
NEUTRONS 3+2+1 ELECTRONS 6
H a lf -m a tr ic e s  o f  In ter c o n c e p t  S e p a r a t io n s  were c o n s tr u c te d  fo r  
each p u p il  and th e  mean h a l f - m a tr ix  for  each sc h o o l  and f o r  th e  
whole group are  then c a l c u l a t e d .
TABLE 3 . 1 . 1
T y p i c a l  p u p i l  h a l f - m a t r i x  from t r e e  c o n s t r u c t i o n  t e s t .
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS
PROTONS
20
ELECTRONS
MATTER
NEUTRONS
1 4 2
A n a ly s i s  o f  R e s u l t s .
S in c e  a low v a lu e  i n d i c a t e s  g r e a te r  prox im ity  in  c o n t r a s t  
t o  a h igh  v a lu e  for  th e  word a s s o c i a t io n  data and s in c e  th e  
minimum v a lu e  i s  1 and th e  maximum 21 then a 1 i s  r ep la ced  by 21 
and a 2 by 20 and so  on th u s  r e -o r d e r in g  th e  h a l f - m a t r ix .
Each c e l l  e n try  i s  then d iv id e d  by 21 t o  g iv e  v a lu e s  o f  1 or 
l e s s  than 1 .
The h a l f - m a t r i c e s  are  now ready fo r  comparison between them 
and th e  corresp on d in g  h a l f - m a t r i c e s  from th e  word a s s o c i a t i o n  
d a t a .  By u s in g  th e  tech n iq u e  o f  Waern (1972) a grap h ic  
r e p r e s e n t a t io n  o f  t h e  data can be o b ta in e d .
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TABLE 3 . 1 . 2
Mean h a l f - m a t r i x  from T r e e  C o n s t r u c t i o n  T e s t .  School  No. 2 .
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
5 .96.0 6.6 4 .8NUCLEUS 9 .9
3 .0 1 4 .0 4 .2 7 .7PROTONS 10 .9
6 .912.6 9 .3 1 2 .4ELEMENTS
8.64 .614 .0ELECTRONS
8 .51 4 .0MATTER
7 .9NEUTRONS
TABLE 3 . 1 . 3
School No. 2 -  Re-ordered
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
16.11 7 .210.81 5 .412.11 6 .0NUCLEUS
14 .31 7 .81 9 .0 8 .011.1PROTONS
9 . 6 15 .19 . 4 12 .7ELEMENTS
1 3 .41 7 .48 .0ELECTRONS
1 3 .58 .0MATTER
14.1NEUTRONS
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TABLE 3 . 1 . 4
School  No. 2 -  R e - o rd e r e d  r  21 t o  g i v e  v a l u e s  between 0 and 1 .
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 0 .7 6 2 0 .5 7 6 0 .7 3 3 0 .5 1 4 0 .8 1 9 0 .767
PROTONS 0 .5 2 8 0 .9 0 4 0 .381 0 .8 4 8 0 .681
ELEMENTS 0 .4 4 8 0 .6 0 8 0 .4 5 7 0 .7 1 9
ELECTRONS 0 .381 0 .8 2 9 0 .6 3 8
MATTER 0 .3 8 1 0 .6 4 3
NEUTRONS 0 .671
FIGURE 3 .1 .1
Reduction o f  h a l f - m a t r i x .  School No. 2 .
F i r s t  c u t - o f f  p o in t 0 .8 4  (— ---------)
Second c u t - o f f  p o in t 0 .7 6  ( — ........... )
Third c u t - o f f  p o in t 0 .6 4  ( . . .......... )
ELECTRONS —  PROTONS —  NEUTRONS — -NUCLEUS------- ATOMS
MATTER ELEMENTS
Comments.
S im ila r  t o  s t r u c t u r e  from word a s s o c i a t i o n  t e s t  e x c ep t  NUCLEUS 
f in d s  a c e n t r a l  p la c e  l in k in g  ’ATOMS1 t o  th e  sub-atom ic  p a r t i c l e s .
TABLE 3 . 1 . 5
Mean h a l f - m a t r i x  f rom T re e  C o n s t r u c t i o n  T es t*  School  No. 3 .
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
NUCLEUS 4 .9 31 0 .1365 .841 7 .4 1 8 .0 99 .7 0 4
6 .1 1 3PROTONS 7 .0 4 58 .5 6 8 7 .0 0 11.409
3 .9313 .3 4ELEMENTS 11 .54513.181
7 .6 1 3 11.29515.181
5 .8 1 814 .045MATTER
10.227NEUTRONS
TABLE 3 . 1 . 6
Mean h a l f - m a tr ix  -  R e-ordered . School No. 3 .
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
0 .5 6 5 0 .6 3 2 0 .8 1 30 .6 9 50 .7 6 9 0 .5 8 5NUCLEUS
0 .7 5 60 .6 3 7 0 .7 1 20 .7 1 4 0 .5 0 4PROTONS
0 .8 6 00 .888 0 .4 9 80 .4 2 0
0 .3 2 5 0 .6 8 5 0 .5 1 0ELECTRONS
0 .3 7 9 0 .7 7 1MATTER
0 .561NEUTRONS
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FIGURE 3 . 1 . 2
Tree C on stru c t ion  T e s t .  Reduction o f  In ter c o n c e p t  S ep a ra t io n
h a l f - m a t r i x .
F i r s t  c u t - o f f  p o in t  0 .8 5  ( ----------- )
Second c u t - o f f  p o in t  0 .7 5  ( ----------- )
Third c u t - o f f  p o in t  0 .7 1  ( . . . . . . . )
MATTER
ELEMENTS NUCLEUS
I
t
A TO M S PROTONS.................ELECTRONSII
NEUTRONS
Comments.
Very s im i la r  t o  s t r u c t u r e  from Word a s s o c i a t i o n  t e s t .
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A P P E N D I X  3 . 2
C a lc u la t io n  o f  Euclidean d i s t a n c e s  between p a ir s  o f  m a t r i c e s .
(1 )  A d i f f e r e n c e  s c o r e  i s  c a lc u la t e d  fo r  each correspond ing  p a ir  
o f  c e l l s  in  th e  two m a tr ic e s .
(2 )  These d i f f e r e n c e s  are squared .
(3 )  The squared d i f f e r e n c e s  are  summed.
( 4 ) The square roo t  o f  th e  sum o f  th e  d i f f e r e n c e s  squared  
d iv id e d  by th e  number o f  c e l l s  i s  c a l c u l a t e d .
The example which f o l lo w  i n d i c a t e  th e  procedure fo r  
S choo l No. 1 and School No. 2 .  The d i s t a n c e  v a lu e s  c a lc u la t e d  
can be found in th e  f i r s t  row in Table 3 . 8 .
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TABLE 3 .1 7
School  No. 1 and School  No. 2
PROTONS ELEMENTS ELECTRONS MATTER NEUTRONS ATOMS
O .O lb / o . o v r . X O. I Z 0*072. X ' - 0 * O » 5 / 0*0^7 >
NUCLEUS *4 x ^  -3X*-2o?XiO X L M f* » 0 ~ * / s . t f w 1
x  -*♦
x a i s *  io
/  HX7.1?X/0
PROTONS
o . o * 7 / *
X 7 * 2 9 * /o
0 . 0 7 ^ f ^ X ’ 
/  -3
0 .0 ^ 7  . X
-3
10
o . o s j /  
/  -3 
^ £ .to ix iO
- 0.03/
^ X  3
/ ^ .2 2 ix /0
ELEMENTS
^ £ u b x i  o 3
o o * r /
“3
X*-ll£fc»0
0*037X ^
-3
/i-z to * * o
-0*0 <1 
y f z t x i o 1*
ELECTRONS X ' ’^X * '03* /O
0* 0 ^ 3 /
. X  -2
X3-77K/0
“0*0*1
X*2iKK>T
MATTER
0 . 0 * 7 7 /
-3
X **13*k>
O.oSg /
/  -z
S n n itu o
NEUTRONS
- o . c f C /
X x i o 5
k t
D.013 
o.oi S' 
0 .00)  
OOOf
0-0 Ilf
o .o o o o g
% h J l  =r 0 .07002
Eu.cJkclsia**. cLlsfwui —
Jo.OTOOS
=  0 .0 1 3
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A P P E N D I X  3 .3  
S t a t i s t i c a l  procedures fo r  a n a l y s i s  o f  d a ta .
1• C o r r e la t io n .
The procedures used  are  t h o s e  which can be d e sc r ib e d  as  
66 67non p a r a m etr ic .  * In gen era l  Spearman's Rank order
c o e f f i c i e n t  ^  i s  c a l c u l a t e d .  The c o e f f i c i e n t  i s  then t e s t e d
fo r  s i g n i f i c a n c e  u s in g  a one t a i l e d  t e s t  fo r  p o s i t i v e  c o r r e l a t i o n .
H o  I P  i #e t e s t  s c o r e s  in  t e s t  1 and t e s t  2 are
m utually  in dependent .
h , : ?  > o  i . e  th e r e  i s  a tendency for  l a r g e r  v a lu e s
in  t e s t  1 and t e s t  2 to  be p a ir ed  t o g e t h e r .
Thus for  a v a lu e  o f  ^  s  0 .4 7 8  w ith  N = 58
t -  e Phz ^
From t a b l e s  67 t  ( s t . ; o . i i < i s )  = 3 .4 7 9
S i g n i f i c a n c e  l e v e l  = 0 .0 0 0 5
R e je c t io n  re g io n  = t  j
Now r e j e c t  J -L w ith  s i g n i f i c a n c e
'  l e v e l  = 0 .0 0 0 5 .
2 .  R e g r e s s io n .
(a )  R egress ion  g i v e s  us an equation  which can be used t o  p r e d ic t
one v a r ia b le  from a n o th e r .  Suppose we want t o  p r e d ic t  s tu d e n ts '
s c o r e s  on t e s t  No. 1 from t h e i r  s c o r e s  on th e  p r e - t e s t  we should  
i d e a l l y  p l o t  a s t r a i g h t  l i n e  and u se  i t  fo r  p r e d i c t i o n .
S t a t i s t i c i a n s  u s u a l ly  d e c id e  which l i n e  t o  choose  from th e  method 
o f  l e a s t  s q u a r e s . The d i f f e r e n c e  between what any g iv en  l i n e  
p r e d i c t s  for  each s tu d e n t  and h i s  a c tu a l  sc o r e  i s  computed e . g .  i f  
th e  l i n e  p r e d ic te d  a s c o r e  o f  25 and th e  a c tu a l  s c o r e  was 22 then  
th e  r e s id u a l  i s  25 -22  = 3 .  A l l  th e  r e s i d u a l s  for  th e  e n t i r e  sample  
are computed -  th e y  are then squared and added up. T h is  i s  
repeated  u n t i l  th e  l i n e  which produces th e  s m a l l e s t  sum o f
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squared d e v ia t io n s  i s  produced. T h is  i s  then accep ted  as th e
b e s t  f i t  and i s  d e sc r ib e d  by th e  equation
y = a + bx
where a = i n t e r c e p t  on th e  y a x i s  
b -  s lo p e  o f  th e  l i n e  and 
x = sc o r e s  on t e s t  1 and 
y = s c o r e s  on t e s t  2 .
(b) The c o e f f i c i e n t  o f  D eterm ination  i s  th e  square o f  the
c o r r e l a t i o n  c o e f f i c i e n t  u s u a l ly  exp ressed  as a p e r c e n ta g e .  I t  i s
t h e  f r a c t io n  o f  th e  v a r ia t io n  in  ’ y* t h a t  can be e x p la in e d  by 
means o f  a s t r a i g h t  l i n e  -  p r e d ic t io n  e q u a t io n .  Thus in  th e  
example in  r e s u l t s  Table  3 .1 2  the  r e g r e s s io n  l i n e  e x p la in s  22.8% 
o f  t h e  observed  v a r ia t io n  in th e  Word A s s o c ia t io n  T e s t  1 sc o r e  
from th e  P r e - t e s t  s c o r e .
(c )  The standard d e v ia t io n  o f  *y’ about th e  r e g r e s s io n  l i n e
sometimes c a l l e d  th e  standard error  o f  e s t im a te  g i v e s  an e s t im a te
o f  <r*. Th is  q u a n t i ty  i s  denoted  by '£ '  and a l l  t - t e s t s  and
c o n f id e n c e  i n t e r v a l s  are  based on t h i s  '£ '  w ith  (n -  2) d egrees
o f  freedom . Thus in  t h i s  c a se  th e  g e n e r a l  formula f o r  a ' t '
c o n f id e n c e  i n t e r v a l  i s
(q u a n t i ty )  (v a lu e  from t - t a b l e )  X (e s t im a te d  standard
d e v ia t io n  o f  q u a n t ity )
In t h i s  c a s e  we have 56 d egrees  o f  freedom.
Thus a 99.9% c o n f id e n c e  in t e r v a l  fo r  A ( t h e  p o p u la t io n  v a lu e  o f  a)
i s
1 5 .4  ±  3 .4 7 9 ( 3 .9 8 3 )  
which g i v e s  th e  i n t e r v a l  1 .5 4  t o  2 9 .2 6 .
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A P P E N D I X  3 . 4
Frequency T ab le  o f  words used as  r e sp o n ses  in  Word A s s o c ia t io n  
T e s t  1.
No. Response Frequency No. Response Frequency
001 NUCLEUS 501 032 Hiroshima 1
002 PROTONS 790 033 E xplosion 1
003 ELEMENTS 264 034 Bomb 10
004 ELECTRONS 658 035 Blake 7 2
005 MATTER 109 036 Egg 4
006 NEUTRONS 637 037 Atomic Mass U n it 88
007 ATOMS 832 038 Symbol 10
008 C entre 172 039 Substance 65
009 M iddle 44 040 C e l l 66
010 Atomic Number 192 041 Grey (M atter) 2
011 Compounds 103 042 M ixture 31
012 E l e c t r i c 32 043 Groups 9
013 N e g a t iv e 234 044 Period 4
014 S o l id s 174 045 Noble Gases 4
015 L iq u id s 149 046 T oaster 1
016 Gases 167 047 P la n e ts 3
017 P a r t i c l e s 242 048 Chips 1
018 P o s i t i v e 265 049 Simple 3
019 Charge 95 050 Plus 4
020 Mass Number 75 051 M etals 37
021 House 1 052 Clouds 69
022 Hydrogen 24 053 Chemicals 38
023 Oxygen 14 054 Weather 3
024 Water 15 055 B a r r ie r 1
025 P e r io d ic  Table 112 056 Space 25
026 O r b ita l 45 057 Heart 1
027 Volume 8 058 Amoeba 2
028 S i z e 5 059 S in g le 10
029 Shape 5 060 K e t t le 1
030 N eu tra l 132 061 Plug 1
031 B lo n d ie 1 062 One 6
1 5 2
•oz Response Frequency No. Response Frequency
063 Power 6 098 Bulbs 2
064 F u l l  ( S h e l l ) 4 099 Desk 1
065 Atomic Mass/Weight 127 100 Stars 2
066 G rav ity 4 101 Waste 1
067 Dead 1 102 Lunch 1
068 S ta r  Trek 1 103 F ire 2
069 Nagasaki 1 104 Death 1
070 Debbie H arrie 1 105 N i l 4
071 Eye 4 106 Rows 1
072 C h lo r in e 1 107 Columns 2
073 Lead 3 108 Experiment 1
074 Copper 8 109 Plus one 3
075 Bonds 25 110 Movement 58
076 M olecu les 115 111 S o lu t io n s 4
077 Brain 11 112 Parts 23
078 Amount 4 113 Formulae 12
079 S t a t e s 8 114 Valency 4
080 Research 1 115 O rb its 10
081 E veryth in g 38 116 O bject 7
082 C e l l  Wall 4 117 Make-up 6
083 C e l l  Membrane 2 118 Small 96
084 Cytoplasm 3 119 A t tr a c t 6
085 B inary 1 120 Repel 5
086 N o n - l iv in g 10 121 Concentrated 1
087 S p l i t t i n g 2 122 Mercury 3
088 T e s t 1 123 Changeable 2
089 Wood 3 124 Carbon 37
090 Skin 2 125 Number 18
091 People 3 126 S t u f f 2
092 Mr. Stark 1 127 M icroscop ic 11
093 C a lc u la t io n 1 128 Surrounded 3
094 Bethium 1 129 Fast 4
095 Books 1 130 Energy 39
096 G la s s e s 1 131 Spectrom eter 4
097 Chem istry 16 132 I n s id e 9
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No. Response Frequency No. Response Frequency
133 L ess  than 1 169 O u te r /o u ts id e 24
134 Lots 4 170 Force 1
135 Same 2 171 Iron 10
136 Things 14 172 N itrogen 6
137 Fusing 3 173 F lu o r in e 1
138 Sodium 5 174 Mineral 2
139 Unique Specimen 2 175 Helium 2
140 N u clear  Energy 10 176 Phosphorus 2
141 Organisms 3 177 Everywhere 2
142 Composition 6 178 H a l f - f i l l e d  c lo u d s 2
143 I s o to p e s 9 179 Current 6
144 M ater ia l 3 180 S t a b i l i t y 1
145 Alpha P a r t i c l e s 4 181 E lec tro n  arrange­ 11
146 D i f f e r e n t 5 ment
147 S t i l l 1
182 U n iform ity 1
148 Gold
183 B u sin e ss 29
149 S i l v e r 10
184 Important 2
150 Guarding 185 C on stru c t ion
21
151 A l iv e  ( l i v e ) 63
186 C ovalent Bond 10
152 Tiny 13
187 Powerful 4
153 F i r s t  S h e l l 188 Black
22
154 Free E le c tr o n s 1 189
T ogether 6
155 C ir c u la r 6
190 In sep arab le 2
156 T r a v e l l in g 1 191
Separable 4
157 S c ie n c e
192 Concern 12
158 Anti (m atter) 4
193
194
Zinc
Boron
1
1
159 Air 5 195 Acids 1
160 Round 26 196 Hard 13
161 S p h er ic a l /S p h e r e 10 197 Minute 12
162 Fundamental P a r t i c l e s  3 198 Ions 15
163 Energy l e v e l s 14 199 Heavy 9
164 Point 3 200 S im ila r 1
165 E l e c t r i c i t y 24 201 L ight 11
166 Sulphur 3 202 Animals 2
167 D ir t 1 203 S tr u c tu r e 16
168 C ontrol p o in t 6 204 Potassium  Carbonate 1
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No. Response Frequency No. Response Frequency
205 C°2 1 240 T ig h t ly  parked 2
206 Balanced 2 241 Long name 1
207 N ic k e l 1 242 H olocaust 1
208 Rutherford 2 243 Pair 3
209 R e la t iv e  Atomic Mass 1 244 S e n s ib le 1
210 G eiger  & Marsden 1 245 R otating 1
211 U s e fu l 2 246 I n v i s i b l e 12
212 Indu stry 1 247 P ie c e s 4
213 D e f le c t e d 3 248 Bombard 2
214 D i v i s i b l e 2 249 Dense 18
215 Non-moving 2 250 Core 41
216 Thousands 3 251 T h ree-d im en sion a l 1
217 V i s ib l e 3 252 Neon 1
218 R e a c t iv e 7 253 No e f f e c t 1
219 N o n -r e a c t iv e 1 254 E le c t r o n ic s 2
220 Cancel 2 255 Atomic 17
221 Hot 2 256 Minus 4
222 Returns 1 257 N o n - e l e c t r i c a l 2
223 Spinning 1 258 Members o f 1
224 N atura l 12 259 Something 1
225 Equal 3 260 FI ow 1
226 Resources 2 261 Subj e c t 1
227 Atmosphere 2 262 Thompson 3
228 Combined 3 263 Ic e 1
229 Source 1 264 Vain 1
230 C o n s is te n c y 2 265 D i f fu s io n 3
231 M il l io n s 2 266 Pure 4
232 No charge 55 267 P r o p e r t ie s 1
233 Magnate 1 268 E x is t s 9
234 C o l l id e 4 269 Diatomic 10
235 C obalt 1 270 Bromine 2
236 Magnesium 2 271 Polymorph 1
237 Beam 1 272 Arrangement 14
238 B a s ic 3 273 Anything 2
239 V a r ia t io n 1 274 C on figu ra tion 6
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No. Response Frequency No. Response Frequency
275 Level 2 310 Rays 3
276 Impaired 1 311 Rubber 1
277 Abundance 1 312 Smooth 1
278 T etrahedra l 3 313 White 1
279 J o in in g 5 314 U ses 1
280 T able 8 315 Hundreds 1
281 P o s i t io n 8 316 F ish 1
282 Two 1 317 Study 1
283 S t a t io n a r y 2 318 No Mass 2
284 Man-made 9 319 Protoplasm 4
285 M obile 2 320 C ontrol 3
286 Symbol 6 321 Big 2
287 Sharing E le c tr o n s 9 322 P o s i t i v e  Charge 9
288 S c a t te r e d 1 323 Theory 1
289 P la n ts 2 324 R a d io -a c t iv e 4
290 Complete 1 325 N e g a t iv e  Charge 7
291 W e ig h t le ss 8 326 Radiation 1
292 C h a rg e le ss 2 327 E lec tron  Clouds 8
293 Chains 2 328 Calcium 4
294 Wrong 1 329 Tin 1
295 Perim eter 1 330 Inorganic 1
296 S tr u c tu r a l  Formulae 1 331 Hydrocarbon 2
297 A 1 332 Weighs l i t t l e 1
298 Main p o in t 1 333 A r t i f i c i a l 1
299 Earth 4 334 Buzzing 1
300 C ontents 2 335 Speed 3
301 Names 3 336 Unconnected 1
302 Breakdown 1 337 Dots 1
303 Poisonous 1 338 S w if t 1
304 S o f t 6 339 Human b e in g s 1
305 Organic 5 340 Dark 2
306 Burning 1 341 B a l l  l i k e 1
307 Alchem ist 1 342 Sharp 1
308 S h e l l 7 343 Narrow 1
309 A c t iv e 4 344 B r igh t 1
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No. Responses Frequency No. Responses Frequency
345 Sand 1 380 A ll
1
346 Flaky 1 381 Words
1
347 Thin 1 382 Halogens
1
348 Fat 1 383 Chadwick
1
349 Lump 1 384 Homologous
1
350 C o lo u r le s s 1 385
Kilogram 1
351 O perates 1
352 M u lt i -c o lo u r e d 1
353 H a l f - f i l l e d  o r b i t a l s  1
354 I n e r t
355 Sea 1
356 Loose 1
357 T igh t 1
358 N on-m etals 1 -
359 Spacious
360 C loth 1
361 D io x id e 1
362 F i s s io n 1
363 Area 1
364 Immobile 1
365 Decaying 1
366 I n d i v i s i b l e
367 Layered
368 Form 1
369 Window 1
370 Family 1
371 V io len ce 1
372 Whole 1
373 Common
374 Rain 1
375 Cold
376 Wet 7
377 Large 1
378 Many 3
379 Made 1
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A P P E N D I X  4 . 1
FREQUENCY TABLE OF WORDS USED AS RESPONSES TO WAT 1 AMD .VAT 2
No. Responses Frequency No. Responses Frequency
001 NUCLEUS 470 033 E xplosion 14
002 PROTONS 798 034 Bomb 9
003 ELEMENTS 692 035 Blake 7 2
004 ELECTRONS 971 036 Egg 4
005 MATTER 111 037 Atomic Mass U n it 99
006 NEUTRONS 618 038 Symbol 7
007 ATOMS 1198 039 Substance 127
008 Centre 163 040 C e l l 67
009 • Middle 41 041 Grey (m atter) 2
010 Atomic Number 192 042 Mixture 158
on Compounds 413 043 Groups 53
012 E l e c t r i c 32 044 Period 4
013 N e g a t iv e 265 045 Noble Gases 6
014 S o l id s 218 046 T oaster 1
015 L iq u id s 205 047 P la n e ts 4
016 Gases 376 048 Chips 1
017 P a r t i c l e s 224 049 Simple 3
018 P o s i t i v e 294 050 Plus 17
019 Charge 121 051 M etals 90
020 Mass Number 96 052 Clouds 83
021 House 1 053 Chemicals 157
022 Hydrogen 183 054 Weather 4
023 Oxygen 446 055 B arr ier 1
024 Water 120 056 Space 27
025 P e r io d ic  Table 170 057 Heart 1
026 O r b i t a l . 70 058 Amoeba 2
027 Volume 9 059 S in g le 49
028 S iz e 6 060 K e t t le 1
029 Shape 14 061 Plug 2
030 N eutra l 138 062 One 28
031 B lon d ie 1 063 Power 8
032 Hiroshima 1 064 F u ll  ( s h e l l ) 7
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No. Responses Frequency No. Responses Frequency
065 Atomic Mass/Weight 230 099 Desk 1
066 G rav ity 4 100 S ta rs 1
067 Dead 2 101 'Waste 7
068 S tar  Trek 1 102 Lunch 1
069 Nagasaki 1 103 F ir e 53
070 Debbie H arrie 1 104 Death 1
071 Eye 3 105 N il 4
072 C h lo r in e 17 106 Rows 5
073 Lead 9 107 Columns 4
074 Copper 18 108 Experiment 14
075 Bonds 382 109 Plus one 3
076 M olecu les 395 110 Movement 59
077 Brain 9 111 S o lu t io n s 60
078 Amount 20 112 Parts 23
079 S t a t e s 8 113 Formulae 299
080 Research 1 114 Valency 74
081 E veryth ing 35 115 O rb its 10
082 C e l l  w a l l 3 116 O bject 7
083 C e l l  membrane 2 117 Make-up 7
084 Cytoplasm 3 118 Small 94
085 Binary 1 119 A ttr a c t 19
086 N o n - l iv in g 8 120 Repel 7
087 S p l i t t i n g 6 121 C oncentrated 2
088 T e s t 3 122 Mercury 4
089 Wood 9 123 Changeable 53
090 Skin 2 124 Carbon 507
091 P eople 3 125 Number 123
092 Mr Stark 1 126 S t u f f 2
093 C a lc u la t io n 1 127 M icroscop ic 11
094 Bethium 1 128 Surrounded 1
095 Books 1 129 Fast 6
096 G la s s e s 1 130 Energy 176
097 Chem istry 53 131 Spectrom eter 10
098 Bulb 1 132 I n s id e 8
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No. Responses Frequency No. Responses Frequency
133 L ess  than 3 169 O u te r /o u ts id e 44
134 Lots 2 170 Force 3
135 Same 10 171 Iron 17
136 Things 17 172 N itrogen 9
137 Fusing 3 173 F lu or in e 2
138 Sodium 4 174 Mineral 4
139 Unique Specimen 2 175 Helium 3
140 N uclear  Energy 11 176 Phosphorus 2
141 Organisms 3 177 Everywhere 3
142 Com position 8 178 H a l f - f i l l e d  c lo u d s  23
143 I s o to p e s 32 179 Current 7
144 M ater ia l 3 180 S t a b i l i t y 27
145 Alpha P a r t i c l e s 3 181 E le c tr o n  arrange­
ment 35146 D i f f e r e n t 52 182 U n iform ity 1
147 S t i l l 1 183 B u sin e ss 4
148 Gold 11 184 Important 2
149 S i l v e r 12 185 C o n str u c t io n 1
150 Guarding 1 186 C ovalent Bond 176
151 A l iv e  ( l i v e ) 66 187 Powerful 4
152 Tiny 11 188 Black 58
153 F i r s t  s h e l l 2 189 T ogether 28
154 Free e le c t r o n s 2 190 In sep a ra b le 2
155 C ir c u la r 6 191 Separable 13
156 T r a v e l l in g 1 192 Concern 1
157 S c ie n c e 2 193 Zinc 5
158 Anti (m atter) 4 194 Boron 1
159 Air 41 195 Acids 38
160 Round 25 196 Hard 18
161 S p h e r ic a l /S p h e r e 11 197 Minute 12
162 Fundamental p a r t i c l e s  3 198 Ions 71
163 Energy l e v e l s 31 199 Heavy 8
164 P oin t 9 200 S im ila r 19
165 E l e c t r i c i t y 42 201 L ight 108
166 Sulphur 14 202 Animals 21
167 D ir t 1 203 S tr u c tu r e 135
168 C ontrol p o in t 6
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No. Responses Frequency No. Responses Frequency
204 Potassium  Carbonate 2 239 V ar ia t ion 2
205 C°2 1 240
T ig h t ly  parked 2
206 Balanced 45 241 Long name 1
207 N ic k e l 1 242 H olocaust 1
208 Rutherford 1 243 Pair 13
209 R e la t iv e  Atomic Mass 3 244 S e n s ib le 1
210 G eiger  & Marsden 1 245 Rotating 1
211 U s e fu l 3 246 I n v i s i b l e 11
212 Indu stry 2 247 P ie c e s 5
213 D e f le c t e d 3 248 Bombard 2
214 D i v i s i b l e 2 249 Dense 18
215 Non-moving 2 250 Core 38
216 Thousands 4 251 T h ree-d im en sion a l 1
217 V i s i b l e 3 252 Neon 2
218 R ea ct iv e 20 253 No e f f e c t 1
219 N o n -r e a c t iv e ; 2 254 E l e c t r o n i c s 4
220 Cancel 1 255 Atomic 34
221 Hot 1 256 Minus 5
222 Returns 1 257 N o n - e l e c t r i c a l 2
223 S pinning 1 258 Members o f 2
224 N atura l 9 259 Something 1
225 Equal 9 260 Flow 2
226 Resources 1 261 S u b jec t 1
227 Atmosphere 2 262 Thompson 2
228 Combined 23 263 Ic e 1
229 Source 2 264 Vain 1
230 C o n sis te n c y 1 265 D i f fu s io n 3
231 M i l l i o n s 1 266 Pure 5
232 No charge 51 267 P r o p e r t ie s 1
233 Magnate 3 268 E x i s t s 8
234 C o l l id e 4 269 D iatom ic 15
235 C obalt 2 270 Bromine 73
236 Magnesium 5 271 Polymorph 23
237 Beam 1 272 Arrangement 24
238 B a s ic 2 273 Anything 2
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No. Responses Frequency No. Responses Frequency
274 C o n fig u ra tio n 12 309 A c t iv e 6
275 Level 2 310 Rays 3
276 Impaired 1 311 Rubber 1
277 Abundance 2 312 Smooth 1
278 T etrah ed ra l 5 313 White 2
279 J o in in g 186 314 Uses 2
280 Table 7 315 Hundreds 1
281 P o s i t io n 8 316 Fish 1
282 Two 38 317 Study 1
283 S ta t io n a r y 2 318 No mass 2
284 Man-made 8 319 Protoplasm 4
285 M obile 1 320 C ontrol 3
286 Symbol 6 321 Big 5
287 Sharing e le c t r o n s 81 322 P o s i t i v e  charge 7
288 S c a t te r e d 1 323 Theory 1
289 P la n ts 174 324 R a d io -a c t iv e 4
290 Complete 7 325 N e g a t iv e  charge 6
291 W e ig h t le ss 16 326 Radiation 1
292 C h a rg e le ss 2 327 E lec tron  c lo u d s 59
293 Chains 38 328 Clacium 83
294 Wrong 1 329 Tin 1
295 Perim eter 1 330 Inorganic 1
296 S t r u c tu r a l  Formulae 35 331 Hydrocarbon 206
297 Aqueous 1 332 Weighs l i t t l e 1
298 Main p o in t 1 333 A r t i f i c i a l 1
299 Earth 4 334 Buzzing 1
300 C ontents 2 335 Speed 4
301 Names 7 336 Unconnected 1
302 Breakdown 51 337 Dots 1
303 Poisonous 145 338 S w if t 1
304 S o f t 6 339 Human b e in g s 3
305 Organic 31 340 Dark 6
306 Burning 192 341 B a l l  l i k e 1
307 A lchem ist 1 342 Sharp 1
308 S h e l l 13 343 Narrow 1
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No. Responses Frequency No. Responses Frequency
344 B r ig h t 1 379 Made 1
345 Sand 1 380 A ll 1
346 Flaky 1 381 Words 1
347 Thin 1 382 Halogens 5
348 Fat 4 383 Chadwick 1
349 Lump 1 384 Homologous 3
350 C o lo u r le s s 4 385 Kilogram 1
351 O perates 1 386 E le c t r o v a le n t 10
352 M u lt i -c o lo u r e d 1 387 Combustion 75
353 H a l f - f i l l e d  o r b i t a l s  2 388 Mole 13
354 I n e r t 7 389 Carbon Monoxide 96
355 Sea 1 390 Alkanes 171
356 Loose 4 391 U nsaturated 32
357 T ig h t 1 392 S u b s t i t u t io n 69
358 N on-m etals 65 393 Isomers 28
359 Spacious 3 394 A ddition 77
360 C lo th 1 395 P h o to s y n th e s is 19
361 D io x id e 2 396 Ca C03-^Ca0+C02 1
362 F i s s io n 1 397 Food 53
363 Area 1 398 Fuel 58
364 Immobile 1 399 Heat 146
365 Decaying 1 400 Equations 87
366 I n d i v i s i b l e 3 401 Weight 7
367 Layered 1 402 G raphite 121
368 Form 3 403 Haemoglobin 15
369 Window 1 404 Carbon D io x id e 403
370 Family 5 405 O il 38
371 V io len ce 1 406 Coal 58
372 Whole 1 407 Polymers 100
373 Common 2 408 Bromide 3
374 Rain 1 409 R ep resen ta t io n 1
375 Cold 2 410 Branching 9
376 Wet 7 411 Double Bond 148
377 Large 2 412 Alkene 286
378 Many 6 413 Methyl 4
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No. Responses Frequency No. Responses Frequency
414 L igh t  energy 17 449 Calcium Carbonate 33
415 G lucose 48 450 Calcium Oxide 26
416 Starch 73 451 Unbranded 1
417 S to r in g 1 452 Cable 1
418 Chalk 10 453 Butane 52
419 Lime water 18 454 Pentane 20
420 R oasting 2 455 C h lor id e 7
421 S a tu ra ted 155 456 S u n lig h t 70
422 Purple 4 457 Leaves 26
423 O xid ised 1 458 Rings 7
424 Deadly 1 459 Long 26
425 Exhaust 49 460 Valency number 1
426 P ercentage 3 461 N u tr ie n ts 1
427 Diamond 121 462 C yc le s 3
428 I o n ic 136 463 R e sp ir a t io n 60
429 Replace 38 464 S t a l a c t i t e s 2
430 Carbohydrate 53 465 S ta la g m ite s 2
431 Monomers 44 466 B u t - l - e n e 2
432 Fumes 42 467 R eaction 300
433 Underground 2 468 C 1
434 M o is tn ess 2 469 Rods 24
435 Pink 1 470 C i r c l e 1
436 C h lorop h y ll 93 471 P e n t-2 -e n e 1
437 P e tr o l 25 472 Carboxyhaemoglobin 3
438 Grammes 42 473 Car engine 72
439 S o la r  energy 2 474 p un n2n+*
33
440 C e l lu lo s e 5 475 Unbonded 1
441 Alkyne 20 476 Diagrams 9
442 Measurement 15 477 Holds 1
443 Q uantity 7 478 Inadequate 1
444 Incom plete  combusti on 9 479 Homologous s e r i e s 30
445 I n te r n a l  combustion 3 480 U n r e a c t iv e 7
446 P oly th en e 5 481 I n s o lu b le 9
447 Ethene 26 482 Absorb 1
448 Marble 1 483 Switched 1
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No. Responses Frequency No. Responses Frequency
484 Placed 1 520 Incom plete 5
485 Adding 81 521 Ends in  -a n e 6
486 B reathe 9 522 Not f u l l 30
487 Limestone 1 523 Stem 2
488 Links 40 524 R esu lt 1
489 Flame 23 525 F ib res 2
490 Cyclohexane 1 526 Paper 17
491 T r ip le  bonds 5 527 Alcohol 5
492 C ycloa lk ane 31 528 Trees 10
493 Copper carbonate 1 529 Grass 1
494 Unmixed 3 530 Bushes 1
495 Condensing 1 531 Colours 11
496 Problems 1 532 Chromatography 5
497 H y d r o ly s is 10 533 Sucrose 4
498 Methane 80 534 Sm arties 2
499 P olyu n sa tu ra ted 1 535 Four 11
500 S u b s t i t u t e  atoms 45 536 Stren g th 5
501 Ethane 54 537 Product 11
502 Propane 37 538 C o l lo id s 11
503 Hexane 25 539 G aining e l e c t r o n s 1
504 Pentene 8 540 Rockets 1
505 S o lu b le 3 541 D e n is ty 1
506 Blood 2 542 P o la r i t y 1
507 Carbonate 10 543 U n d isso lv ed 4
508 Hydroxide 6 544 U ltr a  v i o l e t 10
509 Dry 15 545 S a l t 5
510 F i l t e r 1 546 D is s o lv e 6
511 Metre 1 547 Glycogen 1
512 Green 45 548 Tar 2
513 Soot 7 549 Tower 2
514 P h y s i c a l ly 2 550 S o lv e n ts 3
515 Connection 2 551 Lines 2
516 Molar 4 552 B o i l in g 8
517 E x tr a c t io n 1 553 S a cch a r id es 1
518 In fra red 2 554 M onosaccharides 5
519 O xidation 3 555 D isa c c h a r id e s 4
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No. Responses Frequency No . Responses Frequency
556 M altose 6 591 C onverting 2
557 H olding power 1 592 P o ly sa c c h a r id e s 5
558 Polar  bond 30 593 S o lu te 1
559 P rocess 1 594 Em pirical 1
560 Roots 5 595 Three 6
561 L i f e 3 596 Smoke 12
562 Powder 7 597 A lk a l in e 10
563 P is to n 7 598 S u lphu ric  Acid 1
564 S ix 2 599 Bunsen 12
565 F rac tion 4 600 S02 1
566 N e u t r a l i z e 1 601 Octane 10
567 Isomerism 12 602 D i s t i l l a t i o n 5
568 Short 2 603 O ctet 1
569 P eroxide 1 604 PH 9
570 S y n th e s is 3 605 O verlapping 8
571 S u lphate 6 606 T oxic 1
572 Enzymes 11 607 CO 12
573 P r o te in s 1 608 C6H12°6 2
574 Frequency 2 609 P r e c i p i t a t e 6
575 D e c o lo u r is e s 8 610 Milky 2
576 J o u le s 3 611 S o lu b le 3
577 K i lo j o u ie s 1 612 Inflammable 12
578 P o l lu t io n 19 613 Gas j a r s 1
579 P o ly m e r isa t io n 54 614 F u ll 3
580 F lu ore th en e 1 615 Wax 1
581 Polyurethane 1 616 Ethyl 1
582 G e n e t ic s 1 617 Pigment 6
583 E le c tr o d e s 25 618 S a l iv a 3
584 A llo y 1 619 E l e c t r o l y s i s 3
585 P e n c i l 5 620 P a r a f f in 3
586 Taking p ia c e 1 621 D e lta  p lu s 4
587 Sugar 21 622 D e lta  minus 2
588 Sheet 1 623 Copy 1
589 Exchange 13 624 Blue flame 12
590 Give 1 625 U n sta b le 7
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No. Responses Frequency No. Responses Frequency
626 Mode 2 661 C h lo r o p la s t 1
627 B io lo g y 9 662 Water gas 1
628 Conductor 24 663 Normal c o n d i t io n s  1
629 F l e x i b l e 2 664 P l a s t i c 7
630 Coke 3 665 Spark 1
631 T yndall e f f e c t 1 666 Crash 1
632 C a t a ly s t 1 667 Smell 7
633 C o n s t i tu e n t 2 668 Proportion 1
634 Growth 1 669 T oast 1
635 Van der Waals 5 670 D isc 1
636 Data book 1 671 B o i l e r 1
637 T o ta l 1 672 S u ic id e 1
638 T e s t  tube 6 673 Cathode 1
639 Thermal 2 674 Diode 1
640 Cracking 13 675 Swap 14
641 Compression 1 676 Zip 1
642 R efract ion 1 677 D i lu t e 2
643 Blue 7 678 Bend 1
644 A l lo tr o p e s 4 679 B i o l o g ic a l 2
645 Decomposed 1 680 C o n d u c t iv ity 11
646 Oxides 10 681 Alkyl 6
647 M elt in g 5 682 T h erm oplastic 2
648 Endothermic 1 683 Impure 1
649 Com bustible 5 684 M u lt ip le 1
650 Reduction 1 685 Bang 1
651 Branch 2 686 Chamber 3
652 T r a n s i t io n 1 687 Brown 2
653 T ran sfer 6 688 H i l l s 1
654 Bitumen 1 689 Damp 2
655 Sodium hydroxide 1 690 Wear 2
656 Charcoal 2 691 D ic h lo r id e 1
657 C a lc u la te d 4 692 Su lphide 1
658 B u t-2 -e n e 8 693 Dangerous 15
659 I d e n t ic a l 1 694 Aggregate 1
660 Manufacture 1 695 Cement 1
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No. Responses Frequency No. Responses Frequency
696 I g n i t io n 1 731 M olecular w e ig h t 3
697 P o t e n t i a l s 2 732 L a t t i c e 1
698 Coupling 1 733 Roman numerals 1
699 I n f i l t r a t i o n 1 734 C onvertion 1
700 Hexagon 1 735 Rings 1
701 Flowers 2 736 C y c lo a lk en es
702 T ransform ation 1 737 Match
703 F la t 1 738 S a t i s f i e d 1
704 Type 1 739 Empty s h e l l s 1
705 Induction 1 740 Lim ited 1
706 D isplacem ent 2 741 S e r ie s 5
707 Condensation 2 742 Value 2
708 CH„4 2
743 Slow 2
709 W riting 1 744 Quick 1
710 Lungs 3 7457 C r y s t a l l i n e 3
711 A lkanoic  Acids 1 746 I n t e r s e c t i o n 1
712 C r y s t a ls 1 747 Beaker 1
713 C o l l e c t io n 1 748 P o ly s ty r e n e 1
714 In d u stry 1 749 Valve 1
715 Ounces 1 750 Bound 1
716 Between 1 751 L ethal 1
717 Reproduction 752 P o ly s a tu r a te s 1
718 S p e c ta to r 1 753 R efinery 1
719 Calcium Su lphate 1 754 I n f i n i t e 1
720 Lime 1 755 Non-elem ent 1
721 Rate 1 756 Connected 1
722 Calcium Hydroxide 1 757 Remove 2
723 Ammonia 758 Propene 6
724 Sulphur t r i o x i d e 1 759 Repeat 2
725 n 9o 1 760 Non-conductor 10
726 S o i l 1 761 U n f i l l e d 1
727 R esu ltan t 1 762 B e n e d ic ts 4
728 Hydration 1 763 Io d in e 12
729 Average 1 764 Repeating 1
730 Transparent 1 765 Wood 1
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No. Responses Frequency
766 Sodium c h lo r id e 1
767 N i t r a t e 1
768 Ammonium 1
769 I n t e r s e c t 3
770 F ru ctose 1
771 S t r a ig h t 1
772 Evaporate 1
773 T oxic 1
774 c  H0 n 2n 2
775 S u f f o c a t e 3
776 D estroy 1
777 O dourless 1
778 Clean 1
779 Argon 1
780 Hexene 4
781 E l e c t r o l y t e 2
782 T e tr a c h lo r id e 1
783 Lubricant 3
784 Residue 1
785 Octene 1
786 S u b s tr a te 1
787 P.V.C. 1
788 Photograph 1
789 Repeating u n i t 1
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A P P E N D I X  4 . 2
A s s o c ia t i v e  meanings o f  th e  f i f t e e n  s t i m u l i  as o p e r a t io n a l ly  
d e f in e d  by WAT 2 .
( c u t - o f f  p o in t  12 r e sp o n ses  o v e r a l l )
CARBON
COMPOUND
COMBUSTION
VALENCY
MOLE
COVALENT BOND
CARBON MONOXIDE
ALKANES
(Diamond, g r a p h i t e ,  carbon d io x id e ,  atoms, 
carbon m onoxide, e le m en ts ,  hydrocarbons, c o a l ,  
m o le c u le s ,  compound, carbohydrate , conductor ,  
s o l i d s ,  a lk a n e s ,  oxygen, a lk e n e s ,    ..............)
(E lem ents , m ix tu r e ,  c o v a le n t  bond, i o n i c ,  atoms, 
bonds, m o le c u le s ,  j o in e d ,  carbon, su b s ta n c e ,  
c h e m ic a ls ,  s o l i d s ,  e l e c t r o n s ,  w a te r ,  l i q u i d s ,  
g a s e s ,  .................. )
(Burning, oxygen, h e a t ,  en ergy , car e n g in e ,  g a s e s ,  
carbon, carbon monoxide, f lam e, f u e l ,  r e a c t io n s ,  
l i g h t ,  c h e m ic a ls ,  ................. )
( E le c t r o n s ,  number, e le m en ts ,  bonds, t a b l e ,  
w a te r ,  compound, form ulae , p o s i t i v e ,  n e g a t iv e ,  
atom s, c o v a le n t  bond, i o n i c ,  c h a rg e ,  p r o to n s ,
atom ic number, atom ic  w e ig h t ,  • • • • • . • • )
(Atomic w e ig h t ,  grammes, e le m e n ts ,  compound, 
m o le c u le s ,  measurement, c h e m ic a ls ,  number, . . )
( E le c t r o n s ,  atom s, j o in e d ,  e le m e n ts ,  compound, 
m o le c u le s ,  i o n i c ,  bonds, p o la r  bond, carbon,  
double  bond, g a s e s ,  .................. )
(P o iso n o u s ,  oxygen, g a s e s ,  carbon, carbon  
d io x id e ,  e x h a u s t ,  fumes, compound, car  
e n g in e ,  b urn ing , dangerous,
(A lk en es ,  methane, carbon, propane,  
hydrocarbons, hydrogen, s a tu r a t e d ,  butane ,  
hexane, bonds, homologous s e r i e s ,
form ulae , a c i d s ,  compound, l i q u i d ,  f u e l ,  
a l k a l i n e ,  p e n ta n e ,  .............. . )
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UNSATURATED
SUBSTITUTION
ISOMEHS
ADDITION
PHOTOSYNTHESIS
CaC03 ->CaO + C02
CHAINS
® (S a tu r a te d ,  a lk e n e s ,  double bonds,
hydrocarbons, carbon, a lk a n e s ,  not f u l l ,  
bonds, compound, e th en e ,  dry , hydrogen,  
w a te r ,  e l e c t r o n s ,  m o le c u le s ,  .................. )
= (R e a c t io n s ,  s u b s t i t u t e  atoms, a lk a n e s ,  bonds, 
atoms, e le m e n ts ,  compound, a lk e n e s ,  r e p la c e ,
a d d i t io n ,  hydrocarbon, e l e c t r o n s ,  hydrogen, 
m o le c u le s ,  swap, carbon,  ..............)
= (Formulae, s t r u c t u r e ,  m o le c u le s ,  atom s,  
e l e c t r o n s ,  a lk a n e s ,  a lk a n e s ,  e l e c t r o n s ,  
compound, atom ic number, po lym ers , carbon,  
a lk e n e s ,  diamond, hydrocarbon, g r a p h i t e ,  
bonds, p r o to n s ,  n e u tr o n s ,  c h e m ic a ls ,
* (R e a c t io n s ,  a d d i t io n ,  s u b s t i t u t i o n ,  f lu o r o e th e n e ,  
atoms, compound, a lk e n e s ,  e le m e n ts ,  bonds, 
double bonds, a lk a n e s ,  form ulae , m o le c u le s ,  
hydrocarbons, hydrogen, carbon, .................. )
= ( P la n t s ,  c h lo r o p h y l l ,  carbon d i o x id e ,  l i g h t ,  
oxygen, s u n l ig h t ,  s ta r c h ,  en erg y ,  r e s p ir a t io n ,  
green , w a te r ,  g lu c o s e ,  l e a v e s ,  fo o d ,  ............... . )
= (Carbon d i o x id e ,  oxygen, form ulae , carbon, 
e q u a t io n s ,  r e a c t io n s ,  calcium  c a rb o n a te ,  
calcium  o x id e ,  h e a t ,  l im ew ater , bonds,  
e le m en ts ,  ................. )
= (M o le cu le s ,  carbon, jo in e d  r e a c t i o n s ,  bonds,  
l i n k s ,  a lk e n e s ,  a lk a n e s ,  v a len cy  number, food ,  
hydrocarbons, e l e c t r o n s ,  e le m e n ts ,  iso m e r s ,  
monomers, hydrogen, s ta r c h ,  compound, double  
bonds, .................. )
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L i s t  o f  a c c e p ta b le  r e s p o n s e s t o  s t i m u l i  in  WAT 2 .
CARBON
A lc o h o l ,  a lk a n e s ,  a lk a n o ic  a c i d s ,  a lk e n e ,  a l k in e ,  a l l o t x o p e s ,  
atom ic number, atom s, branch, carbohydrate ,  carbon d i o x id e ,  carbon 
monoxide, c h a in s ,  c h a r c o a l ,  c o a l ,  com bustion, compounds, c y c lo a lk a n e ,  
c y c lo a lk e n e s ,  diamond, e le m e n ts ,  e l e c t r o n s ,  g r a p h i te ,  homologous  
s e r i e s ,  hydrocarbon, i s o t o p e s ,  methane, n e u tr o n s ,  n o n -m eta ls ,  
n u c le u s ,  r i n g s ,  t e t r a h e d r a l .
COf/i POUND
A lc o h o l ,  a lk a n e s ,  a lk a n o ic  a c i d s ,  a lk e n e ,  a l k in e ,  atom s, b u t - 2 -e n e ,  
bonds, b ranch ing , b u tan e , b u t - i - e n e ,  ca lc ium  ca rb o n a te ,  ca lc ium  h ydrox ide ,  
carb oh yd ra te ,  carbon d i o x i a e ,  carbon monoxiae, combinea, copper  
ca r b o n a te ,  c o v a le n t  bond, c h e m ic a ls ,  c y c lo a lk a n e ,  c y c lo a lk e n e s ,  
c y c io h e x a n e ,  a i s a c c h a r i a e s ,  double bond, e l e c t r o n s ,  e m p ir ic a l ,  
e l e c t x o v a l e n t ,  e le m e n ts ,  e th a n e ,  e th e n e ,  e t h y l ,  form ulae,  
f lu o r o e t h e n e ,  g a s e s ,  f l u c o s e ,  g ly c o g e n ,  hexane, hexene , homologous 
s e r i e s ,  hom ologous, hydrocarbon, j o i n i n g ,  in o r g a n ic ,  o r g a n ic ,  
i so m e r s ,  l im e w a te r ,  l im e s t o n e ,  l i q u i d s ,  m a lto se ,  m arble , m a tter ,  
methane, m o lecu lar  w e ig h t ,  m ole , m o le c u le s ,  m onosaccharides ,  
monomers, n i t r o g e n ,  nonane, o c ta n e ,  o c te n e ,  oxygen, o x i d e s ,  
p a r a f f i n ,  p en ta n e , p e n te n e ,  p e n t - 2 - e n e ,  p e t r o l ,  p o lar  bond, 
p o ly s t y r e n e ,  p o ly th e n e ,  po lym ers , polymorph, p o ly s a c c h a r id e s ,  
p o ly u r e th a n e ,  po tassium  ca rb o n a te ,  propane, propene, p r o t e i n ,
P .V .C . ,  s a c c h a r id e s ,  s a tu r a t e d ,  sh ar in g  e l e c t r o n s ,  s i n g l e ,  sodium  
c h l o r i d e ,  sodium h y d r o x id e ,  s ta r c h ,  s t r u c t u r a l  form ulae , su b s ta n c e ,  
s u c r o s e ,  su gar , s u lp h a t e ,  s u lp h id e ,  su lp h u r ic  a c id ,  sulphur t r i o x i d e ,  
t h e r m o p la s t i c ,  t r i p l e  bonds, u n r e a c t iv e ,  u n sa tu r a te d ,  u n s t a b le ,  
w a te r ,  w ater  g a s ,  CH^, CO, CaCO^^CaO + CO^,
COMBUSTION
A lk a n es ,  a l c o h o l ,  a lk e n e ,  b lu e  f lam e, burning, bunsen, carbon,  
carbon d io x id e ,  carbon monoxide, car e n g in e ,  chamber, c h a r c o a l ,  
c o a l ,  cok e , c o m b u st ib le ,  e x h a u s t ,  e x p lo s io n ,  f r a c t i o n ,  f i r e ,  f lam e,
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Com bustion c t d .
f u e l ,  fumes, g a s e s ,  gas j a r s ,  h e a t ,  h o t ,  hydrocarbon, i g n i t i o n ,  
in com p le te  com bustion, in flam m able , in t e r n a l  com bustion, o i l ,  
oxygen, p a r a f f i n ,  p e t r o l ,  smoke, s o o t ,  spark , compounds, water g a s .
VALENCY
Arrangement, atoms, bonds, combined, compounds, c o n f ig u r a t io n ,  
c o v a le n t  bond, double bond, e l e c t r o n s ,  e le c tr o n  arrangement, 
e le c t r o n  c lo u d s ,  e l e c t r o v a l e n t ,  e le m e n ts ,  empty s h e l l s ,  energy  
l e v e l s ,  f i r s t  s h e l l ,  form ulae, f r e e  e l e c t r o n s ,  f u l l  s h e l l ,  
v a len cy  number, g a in in g  e l e c t r o n s ,  h a l f - f i l l e d  c lo u d s ,  h a l f - f i l l e d  
o r b i t a l s ,  i o n i c ,  i o n s ,  j o i n i n g ,  o r b i t a l ,  p o la r  bond, roman 
num erals , s a tu r a te d ,  shar in g  e l e c t r o n s ,  s i n g l e ,  t r i p l e  bonds.
MOLE
Amount,atoms, bonds, c a l c u l a t i o n ,  compounds, e l e c t r o n s ,  e le m en ts ,  
e m p ir ic a l ,  e q u a t io n s ,  i o n s ,  atom ic m a ss /w e ig h t ,  m olar , m olecu lar  
w e ig h t ,  m o le c u le s ,  p a r t i c l e s ,  q u a n t i t y ,  r e l a t i v e  atomic m ass.
COVALENT BOND
A c id s ,  a lk a n e s ,  a lk a n o ic  a c i d s ,  a lk e n e ,  a lk y n e ,  ammonia, 
arrangem ent, atoms, bonds, branch, b ran ch in g , carb oh yd rate ,  carbon, 
double  bond, e l e c t r o n s ,  e le c tr o n  c lo u d s ,  e le c tr o n  arrangement,  
compounds, e le m e n ts ,  h a l f - f i l l e d  c lo u d s ,  h a l f - f i l l e d  o r b i t a l s ,  
hydrocarbon, j o i n i n g ,  m o le c u le s ,  m onosaccharides ,  monomers, 
p a r t i c l e s ,  p o la r  bond, polym ers, p o ly s a c c h a r id e s ,  d i s a c c h a r id e s ,  
s a tu r a t e d ,  shar in g  e l e c t r o n s ,  s i n g l e  t r i p l e  bonds, u n s a tu r a te d ,  - 
v a le n c y .
CARBON MONOXIDE
B lood , b lu e  f lam e, burn ing , carbon, carbon d io x id e ,  car e n g in e ,i
c o a l ,  cok e , com bustion, compounds, e x h a u s t ,  f i r e ,  f lam e, f u e l ,  
g a s e s ,  haem oglobin , carboxyhaem oglobin, i g n i t i o n ,  in com p lete  
com bustion , imflammable, in t e r n a l  com bustion , oxygen, o x id a t io n ,  
p o is o n o u s ,  p o l l u t i o n ,  t o x i c ,  CO, C02«
ALKANES
A lkene, a lk y n e ,  a l k y l ,  atoms, branch, branch ing , b u tan e , carbon 
d i o x id e ,  carbon monoxide, c o m b u st ib le ,  com bustion , compounds,
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c r a c k in g ,  c y c lo a lk a n e ,  c y c lo a lk e n e s ,  c y c lo h ex a n e ,  e le c t r o n  c lo u d s ,  
e le m e n ts ,  e th a n e ,  f u e l ,  g a s e s ,  hexane, homologous s e r i e s ,  hydrocarbon,  
in flam m able , l i q u i d s ,  methane, m eth y l ,  m o le c u le s ,  nonane, o c ta n e ,  
o r g a n ic ,  p a r a f f i n ,  p en tan e , p e t r o l ,  propane, r e f i n e r y ,  s a tu r a t e d ,  
s i n g l e ,  s u b s t i t u t i o n ,  CH^,
UNSATURATED
A d d it io n ,  a lk e n e ,  a lk y n e ,  b u t - 2 -e n e ,  bonds, bromide, b u t - l - e n e ,  
c o v a le n t  bond, c y c lo a lk e n e s ,  d e c o l o u r i s e s ,  double bond, e l e c t r o n s ,  
e le c t r o n  c lo u d s ,  e th e n e ,  e t h y l ,  h a l f - f i l l e d  c lo u d s ,  hexene ,  
hydrocarbon, o c te n e ,  o r g a n ic ,  p e n te n e ,  p e n t -2 - e n e ,  propene,  
sh a r in g  e l e c t r o n s ,  t r i p l e  bonds,
SUBSTITUTION
A d d it io n ,  a lk a n e s ,  atoms, bonds, bromide, c h lo r in e ,  compounds, 
c y c lo a lk a n e ,  e l e c t r o n s ,  e le m en ts ,  hydrocarbon, h a lo g e n s ,  hydrogen,  
r e a c t io n ,  s a tu r a te d ,  s i n g l e ,  r e p la c e ,  ta k in g  p l a c e .
ISOMERS
A lk an es ,  a lk e n e ,  a lk y n e ,  branch, b ranch ing , compounds, c o v a le n t  
bond, c y c lo a lk a n e ,  c y c lo a lk e n e s ,  doub le  bond, e le m e n ts ,  form ulae ,  
hydrocarbon, m o le c u le s ,  p a r t i c l e s ,  s t r u c t u r e ,  s t r u c t u r a l  form ulae .
ADDITION
Adding, a lk a n e ,  a lk y n e ,  atoms, bonds, bromide, c h lo r in e ,  c y c lo a lk e n e s ,  
d e c o lo u r i s e s ,  double bond, e l e c t r o n s ,  e le m e n ts ,  hydrocarbon, h a lo g e n s ,  
p o ly u n sa tu r a te d ,  r e a c t io n ,  s u b s t i t u t i o n ,  t r i p l e  bonds, u n sa tu r a te d .
PHOTOSYNTHESIS
Carbohydrate, c a t a l y s t ,  c h l o r o p la s t ,  c h lo r o p h y l l ,  compound, 
cy top lasm , c o n d e n sa t io n ,  carbon d i o x id e ,  f lo w e r s ,  food , g l u c o s e ,  
g r a s s ,  g reen ,  l e a v e s ,  l i g h t ,  l i g h t  en ergy , m a lto s e ,  oxygen, 
p igm ent, p l a n t s ,  p o ly s a c c h a r id e s ,  protop lasm , s u n l ig h t ,  w a te r ,  
s t a r c h .
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C alcium , ca lc ium  carb on ate ,  ca lc ium  o x id e ,  carbon d io x id e ,  ch a lk ,  
decomposed, e q u a t io n s ,  form ulae, l im e s t o n e ,  l im e w ater ,  m arble ,  
m o le c u le s ,  m ole , r e a c t io n .
CHAINS
A lkanes , a lk e n e ,  a lk y n e ,  atoms, b ranch ing , carbon, e le m e n ts ,
e th a n e ,  e th e n e ,  e t h y l ,  b o i l i n g ,  h exen e , hydrocarbon, iso m e r s ,  
m o le c u le s ,  o c ta n e ,  p en tan e , p e n te n e ,  p e n t -2 - e n e ,  propane, propene,  
r i n g s ,  s i n g l e ,  c o v a le n t  bond, po lym ers , p o ly th e n e ,  p o ly s a c c h a r id e s ,  
s t r u c t u r a l  form ulae , unbranched.
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S c o t t i s h  C e r t i f i c a t e  o f  Education Examination Board Chem istry S y l la b u s
S e c t io n s  8 .  9 .  10
8 .  Chemical Combination
8 .1  Chemical form ulae
8 .2  Deduction o f  chem ical  
form ulae from 
a n a l y s i s .
While th e  word 'valency* should be used  
in i t s  proper c o n t e x t ,  no formal d e f i n i t i o n  
w i l l  be r e q u ir e d .  Chemical formulae o f  
s im ple  compounds can be deduced from 
atomic s t r u c t u r e  r e la t e d  t o  s t r u c t u r e  o f  
nob le  g a s e s .
I t  should  be emphasised t h a t  th e  b a s i s  o f  
chem ical form ulae i s  not th e  t h e o r e t i c a l  
argument founded on atom ic s t r u c t u r e ,  but  
i s  e s s e n t i a l l y  e x p e r im en ta l .
The combining r a t i o s  o f  atoms can be 
determ ined by a n a ly s i s  or s y n t h e s i s  and a 
knowledge o f  atomic w e ig h t s .
The ' s i m p le s t '  formulae o f  some compounds 
should be c a lc u la t e d  from g iven  c o m p o s i t io n s ,  
and v i c e - v e r s a .
8 .3  Formula w e ig h t s .
8 . 4  Equations and t h e i r  
u se  in chem ical  
c a l c u l a t i o n s .
C a lc u la t io n  from form ulae . Use o f  th e  term 
'm ole' a t  t h i s  s ta g e  on ly  t o  imply th e  gram 
formula w e ig h t .
From t h i s  p o in t  t o  th e  end o f  S e c t io n  10 
e q u a t io n s  should  be w r i t t e n  in  m olecu lar  
form.
9 .  F u e ls  and R ela ted  Substances
9 .1  Development o f  idea  
o f  c o v a le n t  bond.
9 . 2  The elem ent carbon:  
d i f f e r e n t  form s.
Development o f  idea  o f  c o v a le n t  bond in  
m o le c u le s  such as O^, ^ O ,  CH^, CCl^
CO  ^ in  term s o f  o v er la p  o f  e l e c t r o n  c lou ds ,
Comparison o f  p r o p e r t i e s  o f  g r a p h i te  and 
diamond.
9 .3  Combustion o f  carbon. The form ation  o f  carbon d io x id e  i f  s u f f i c i e n t
oxygen i s  a v a i l a b l e .
From t h i s  s ta g e  every  o p p o r tu n ity  should be 
taken fo r  p u p i l s  t o  w r i t e  e q u a t io n s  u s in g  
c o v a le n t  m o le c u le s  o n ly .
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9 . 4  Satu rated
Hydrocarbons.
9 . 5  O il  and N atural  
Gas.
9 .6  Hydrocarbons a s  
f u e l s .
9 . 7  U n saturated  
Hydrocarbons.
Formation o f  carbon monoxide, e . g .  in a c oa l  
f i r e  and a l s o  in  p a r t i a l  combustion o f  carbon-  
c o n ta in in g  compounds such as  p e t r o l .
Po isonous n atu re  o f  carbon monoxide.
Carbon forms c h a in s  and r in g s .
Alkane s e r i e s .
Idea o f  a g e n e r a l  formula fo r  a homologous 
s e r i e s .
P o s s i b i l i t y  o f  e x i s t e n c e  o f  isom ers  
(nom enclature  not  r e q u ir e d ) .
P o s s i b i l i t y  o f  e x i s t e n c e  o f  c y c lo a lk a n e s .
S a tu ra ted  n a tu re  o f  a lk a n e s .
O rig in  o f  o i l  d i s c u s s e d .
N atura l Gas (North Sea G a s)•
O il  R e f in in g .
The o p p o r tu n ity  should be taken  here  t o  
d i s c u s s  t h e  economic and environm ental  
im p l i c a t io n s  o f  North Sea O il  in  order t o  
widen th e  scope o f  p u p i l s '  u n d erstand ing  o f  
t h i s  p a r t  o f  C hem istry .
Nature o f  f lam e d i s c u s s e d  b r i e f l y .
Combustion o f  members o f  th e  a lk an e  s e r i e s .  
(Sun as  o r i g i n a l  sou rce  o f  e n e r g y ) .
Cracking o f  sa tu r a te d  a lkane m o le c u le s  l e a d s  
t o  u n sa tu r a te d  compounds.
Importance o f  crack ing  and reform ing  in  th e  
petroleum  in d u s t r y .
Ethene as a major product o f  th e  petroleum  
in d u s t r y .
A d dition  p o ly m e r isa t io n  o f  e th en e  and s im i la r  
u n sa tu r a te d  m o le c u le s ,  e . g .  PVC, PTFE.
O pportunity  should  be taken t o  i n d i c a t e  th e  
s i z e  o f  th e  in d u s t r y ,  t h e  v a r i e t y  o f  u se s  t o  
which t h e s e  products  are  put and th e  p o t e n t i a l  
p o l lu t i o n  problems caused by t h e i r  in e r t n e s s ,  
e . g .  b e ing  n o n -b io d e g r a d a b le ,  e t c .
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10. C a r b o h y d ra te s D is c u s s io n  o f  p h o to s y n th e s is  and/or  
r e v i s i o n  o f  S e c t io n  8 o f  th e  Integrated-  
S c ie n c e  Course as a p p r o p r ia te .  T his  should  
su g g e s t  th e  r e la t io n s h ip  between th e  g lu c o se  
and s ta r c h  m o le c u le s .
The c o l l o i d a l  n atu re  o f  a s ta r c h  • so lu t io n *  
compared w ith  th e  t r u e  s o lu t io n  o f  g lu c o se  
and th e  e a se  o f  con vers ion  o f  s tarch  in to  
a s im p le  sugar -  t h e s e  can be used t o  su g g es t  
t h e  p o lym er ic  n atu re  o f  s ta r c h  on g lu c o se  
as a monomer.
Carbohydrates such as c e l l u l o s e  and g lycogen  
^ 6 ^ 1 0  5^n ^^scusseci as polymers based on 
g l u c o s e .  S i z e  o f  n should be d i s c u s s e d .
G lucose  and F ru cto se  -  s im ple  sugars -  
monomers •
S u c r o se ,  m a lto se  as ‘ d im ers’ (^22^22^11^*
Condensation  p o ly m e r isa t io n  o f  g lu c o s e  as  
t h e  r e v e r s e  o f  th e  h y d r o ly s i s  o f  s ta r c h .
Importance o f  enzyme a c t io n  as a ty p e  o f  
c a t a l y s i s .
The combustion o f  g lu c o se  as  a source  o f  
energy in  many l i v i n g  t h in g s .
P h o t o s y n th e s i s  and r e s p ir a t io n  compared.
(T h is  may be r e v i s i o n ) .
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A P P E N D I X  5 . 1
OBJECTIVE TEST
1 . In t h i s  paper a q u e s t io n  i s  answered by in d ic a t in g  th e  c h o ic e
1 , 2 ,  3 or 4 by th e  number w r i t t e n  in  th e  box provided  a t  th e
s id e  o f  th e  paper ( o p p o s i t e  each q u e s t io n ) .
2 .  For each q u e s t io n  th e r e  i s  on ly  ONE c o r r e c t  answer.
3 .  R eference  may be made t o  th e  b o o k le t  o f  Mathematical and 
S c ie n c e  Data p r o v id e d . .
SAMPLE QUESTION
To show t h a t  th e  ink in  a b a l l p o i n t  pen c o n s i s t s  o f  a m ix ture  o f  
dyes th e  method o f  s e p a r a t io n  would be -
1 . f r a c t io n a l  d i s t i l l a t i o n
2 .  chromatography
3 .  f r a c t io n a l  c r y s t a l l i s a t i o n
4 .  f i l t r a t i o n
The c o r r e c t  answer i s  2 and t h i s  i s  in d ic a t e d  by w r i t in g  2 in  th e  
box p r o v id e d .
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1 . An atom has 26 p r o to n s ,  26 e l e c t r o n s  and 30 n e u tr o n s .  The atom 
w i l l  have
1 . atom ic number 2 6 ,  mass number 56
2 .  atom ic number 5 6 ,  mass number 30
3 .  atom ic number 3 0 ,  mass number 26
4 .  atom ic number 5 2 ,  mass number 56
2 .  When a ca lc ium  atom becomes a ca lc ium  ion i t
1 . changes i t s  mass number
2 .  l o s e s  two e l e c t r o n s
3 .  g a in s  two e le c t r o n s
4 .  forms c o v a le n t  bonds
3 .  An atom w ith  18 e l e c t r o n s  can be s a id  t o  have a tendency  t o
1 . ga in  more e l e c t r o n s
2 .  l o s e  some e le c t r o n s
3 .  ga in  and l o s e  e l e c t r o n s
4 .  n e i t h e r  ga in  nor l o s e  e l e c t r o n s
4 .  I so b a rs  are  d e f in e d  as "atoms o f  d i f f e r e n t  e lem en ts  having th e  
same mass". The f o l lo w in g  symbols r e p r ese n t  same atoms:
A. 90 B . 88 C. 90 D. 89
W X Y Z
40 38 38 39
Which o f  th e  com binations below r e p r e s e n t s  a s e t  o f  i so b a r s ?
1 . A and B
2 . A and C
•CO A and D
4 . C and D
180
5 .  I s o to p e s  o f  th e  same elem ent have
1 . th e  same number o f  p roton s  and n eu tro n s ,  but d i f f e r e n t  
numbers o f  e l e c t r o n s
2 .  th e  same number o f  p roton s  and e l e c t r o n s ,  but d i f f e r e n t  
numbers o f  neu tron s
3 .  th e  same number o f  n e u tr o n s ,  but d i f f e r e n t  numbers o f  
p ro ton s  and e le c t r o n s
4 .  th e  same number o f  p r o to n s ,  but d i f f e r e n t  numbers o f  
e l e c t r o n s  and neutrons
6 ,  Which o f  th e  f o l lo w in g  i s  a c o v a le n t  compound?
1 . C°2
2 . MgS
3 . CaO
4 . Na2SO,
7 .  A n e g a t iv e l y  charged p a r t i c l e  w ith  e le c t r o n  c o n f ig u r a t io n  
2 , 8 cou ld  be a
1 . f lu o r i n e  atom
2 . f lu o r i d e  ion
3 .  sodium atom
4. sodium ion
8 , Which o f  th e  f o l lo w in g  i s  a ba lanced  equation?
1 .  Ag2 C03 - » 2  Ag + 0 2 + C02
2 .  2 Ag2 C03 - >  4 Ag + 02 + C02
3 .  2 Ag2 C03 4 Ag + 0 2 + 2C02
4. 3 Ag2 C03 - r  6 Ag + 02 + 3CC>2
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27 3+9 .  What i s  th e  number o f  e l e c t r o n s  in  th e  ion ^  A1 ?
1. 10
2 .  13
3 .  14
4 .  27
10 . One mole o f  an e lem ent i s  th e  mass o f :
1 .  t h e  atom ic  number in  grams
2 .  t h e  atom ic w e igh t  in  grams
3 .  t h e  atom ic  number in  atom ic mass u n i t s
4 .  t h e  atom ic w e ig h t  in  atomic mass u n i t s
11 . The number o f  m oles o f  water in  72g o f  th e  l iq u id  i s
1 . two
2 .  t h r e e
3 .  four
4 .  f i v e
12 . What i s  t h e  formula w e ig h t  o f  anhydrous ca lc ium  n i t r a t e ,  
Ca(N03 ) 2?
1 .  82
2 . 102
3 .  142
4 .  164
13 . What i s  th e  p e r c e n ta g e  by w e igh t  o f  magnesium in  magnesium 
o x id e ,  MgO?
1. 12*
2 .  24*
3 .  32*
4 .  60*
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14 . A n a ly s i s  o f  an o x id e  o f  antimony (Sb) gave th e  fo l lo w in g  
r e s u l t s i
Mass o f  antimony = 20g  
Mass o f  oxygen = 4g
Which o f  th e  f o l lo w in g  form ulae c o r r e c t l y  r e p r e s e n t s  t h i s  
o x id e ?  (Take th e  atom ic w e igh t  o f  an tim ony,as  120 and o f  
oxygen as 1 6 ) .
1. SbO
2 . Sb02
3 . Sb2°3
4 . sbo3
15 . Which o f  th e  f o l lo w in g  m o le c u le s  would be most l i k e l y  t o  
be p r e s e n t  in  p e t r o l ?
1 . CH4
2 . C3 H8
•CO
C8 H18
4 . C14 H30
Q u e st io n s  16 and 17 r e f e r  to  th e  fo l lo w in g  ty p e s  o f  r e a c t io n :
1 .  a d d i t io n  p o ly m e r isa t io n
2 .  c rack in g
3 .  s u b s t i t u t i o n
4 .  a d d i t io n
t o  which o f  t h e s e  t y p e s  do th e  f o l lo w in g  r e a c t io n s  be long?
16 . C3 Hq + Br2 C3 Br + HBr
1 7 . c 1Q h22 - » c7 h16 + c 3 h6
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18 . Which o f  th e  f o l lo w in g  p a ir s  are  isom ers?
1. Diamond and g r a p h ite
2 . ^ C 1  and ^ C 1
3* Ethane and eth en e
4 .  CH3 -  CH2 -  CH2 -  CH3 and CH3 -  CH -  CH3
CH3
19 . Carbon monoxide would be co n v er ted  in t o  carbon d io x id e  in  th e  
la b o r a to r y  by p a s s in g  i t  over
1 . carbon
2 . magnesium o x id e
3 .  iro n  f i l i n g s
4 .  copper ( l l )  o x id e
2 0 .  Octane i s  one o f  a s e r i e s  o f  compounds known as  a lk a n e s .
3 3I f  50 cm o f  o c ta n e  i s  added t o  50 cm o f  water in  a
beaker t h e  r e s u l t  i s
1 . an a c id  s o lu t i o n  i s  formed
2 . th e  two l i q u i d s  w i l l  n o t  mix
3 . an a l k a l i n e  s o lu t io n  i s  formed
4 .  a gas  i s  g iven  o f f  from t h e  s o lu t i o n
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